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ECCTIUf Z 

niMBi i of £* Work Dascrlbad la tba frsrloos gachaloal Hsnorts 

I ftaSdttod andsr tba Steas of this Ooniraot 

I X.    BBMWBCBBi 

BU ia tba Final Baport to bo sdbsdttsd odor Oentrwt *l-onr-SOfiQl, 

vbleh was G&aoaeexA sad »npportad at various tines and in varlcoa aarcata 

by tba Cfflea of •oral Baaaareb* Bursan of Ordonnoa, Buraaii of Ship*, 

Vataon Laboratartaa. JKS. Air Pore* Caahridgs Ikisaaroa Cantor, and tba 

Tttla contract vss Initiated and waxfc started or. 15 Jsss l?s8a 

I. It la aov acbadulod to a&odro on tfe* nrasant «cqdratica data of 91 Dacsa 

£ bar 19*5. 

Tbt prianry purpoaa of thla eoatract hea boas to agsaaw ra~ 

aeareb and &r»alopnsat la the fialft of tunabla narrow band optical filters* 

* In its Initial conoaptioa tbs aln %n» to dsvslop and bring to practical 

narrov ^ariaatlon latarfarassa frlogaa arialng froai "birafrlnftaatrt. 

crystal* to py ©due* tbs narrov pssa band (the lyet   fixed filter), «it£ 

' tb» toning being addad staasr ^y sasbadcal rotation of eon* of tba 

I polarigjy is crystal elements or by anans of tba rleetrioeliy ***r«able 
I 
I retardation tM* ean b» provided by tba electro-optic effect in crystal*. 

; 
During tba first two yaara of tba contract alaost all the 

eagtbacie tea on tba development of tba fixed Iorot and tanabla Billings 

1.   fbla eonasptloa sac first daaerlbad in a publication in tba J. Cat. 
*». da. a> 738 (19*7). 

t.   •• X«ot# Oeapt. rand. Ifl, 1399 (195?). 



1 
!3 

c 

I 

I 

k 

I 

t 

t 

flltem to sraetloal roallgettoa,   Xa the <MM of the fiaa* filler the 

aorelaipiaiti grooeeoia to thi point ite« the mwtw wee aaaeaatfale 

to seastleel asaafaeture*   mo filter differed froa Xffot'e pdmaZ2g 

la too «N of 49 Is glace of cjuttts aad oelelt*.,   A »eabor of them 

fixed filtam for the aaaelaafth of Si hove prove* i«? aaefal fbv etadlee 

of the MO and lte eoroae by M*«9sscaiff»«   Xm too oaoo «f the toeehla 

filter, althoaeh o noHbor of raaaaroh aodela wn aoaotraotod, tMMa^m 

both aaahaa&oal oad oloetrloal tmlag, lto ooqploxltj 

aa ohetaole to lto aecejftaaoo oo a orteatlfle tool for amoral aae. 

th» a&ddle of 1950 time* eaa eoaeebat *e a ablf * la 

of the vork uo&ar the eoatract.   althwejr eaetlndag te 

erxov bead optloal filter*, the raotrletloa to 1Ae solaria*- 

tloa iaaaggawBM filter of the Zgct«ailllaxo type too lifted,   ^arkwe 

aadlftaatleae of the Fabry-terot lataTf areaetc? aaA ia&wrfowaoo ia thta 

awtfrnated £13aa, sertal or dielaatrie, wow eojrtdesad sad gwrelepod, 

ahioh a&g&t hate caaslderable e&vaatafe la slae* timlleity, aad oast 

over eft itraaatem aad asaoobrnatora of oojaal raaatefeloa*   yaaaaaaatallgv 

thlo %n» the ehartecadaf of the orlgdael toaabls filter*   tt ws oca- 

calved ao boiag a eis^ta mA iamgrnamtrm ro$la»aaBt for a lariat <pr-^^* 

epeetcagraah* hot It tamed oat to bo about 00 oootly «ad dUfioalt to 

ballaW 

la additloa the warit t«e aaae aoro praetleel bjr aaalyfaa the 

ftanhle filter torthwiojBee to the ecloatlflcally 

fluid of loatopo eoaoeatgetloa aaeeareaese by 

Hoot of the practice vc? *ised at the 

of the iaotosa aoeaarceaB* —oil* 

»— 1 ""TiTfiatf^HIW 

V,., «r ... v 
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1*1x4 Associate*, £ae« 

Che work under this acetract has been reported la * series of 

?5ctei^«l Seports nftilch have been issued j*r$a*ie«lly• Item ere eiffct 

previous reports.   It is fait that there is an aftreatafte to regriatiai? 

$ Soweror, S» t!M matt section fcrief afcstraets cad sussae!** «f tliaM so- 
ft 
| poets *HA fe* given for reference purpose*.   Aotually tfcase laterla 

^•caaiefei sesgest* "w«t* ivsued si sj!j>«rcpriarc« tisas €&«& it eaaaaa po*~ 

| - 
redoa** i»a to issue 3>aa ©Tar e-^aal earfeisg tSace.   Aa atteagt "aes 

I sad« to «**» sack ens aa entity is itself* 
| 
I AeooKdLasly, effcsr these ferief s»»i«0, the tndk cf the teat 
I '    " 
I |'                  ©f s^» flaal «s*Et viH deal with tha 2«*9aspaent8 under this contract 

siaee tha last Technical Beport was issued oa 1 July 19W# an* with ray 

I vsiwx »»vsu.iai aofc previously etprered in tha §eelas*<*?. Report*.,   Che 

| ii*U***t*d zander is referred to the ear liar Seehmieal aeporta for fla- 

i tailed iafonaxtina as to tbs wars oa the earl? jjfcsees of this projeote 

s    «BBKAEB OP fas rroKtaiGss sseaattf. RSSSSS 

|- AH sf these reperta «wre ia®«£ uaim- #sst»efe f&»«Br«d08Q(l* 

1. «ith the Office of Bevel SeeearciU aw tb* jarlswl^al adsfeisfteasti's's aeafcsf- 

Taia was a prosoreea report vhleh outlined the «S£«i«ssfeBl pro- 

gress then underway tosarde the developaeat of fixed and tuea&le polarl- 

an&lon fitters, under the following dlTlelOBSi 

1*1*1  haroaaat sad aaaafaeturs of tlaaaats for a rtaed 

•erroe lead folMisuttJea Filter. 

i 
«W*««*85?" • W**-.w.n*.**«**w*W«***S2*~ * 
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IsiM lMpattti% las. 

t«l*S  XSv£it2«p$iss& of sleotFlcoi toalag «site4s* 

t.i.3   tefolap—afc of —otewiool. tuoiag asttefe* 

f «l*fc  flpwwi of tbs sagolsr fiald of vUn of slsctarlasJ. 

•a.?   BsrUcsmct of fiasd filters for 2sois«*« tte 

^SgSOft to bo CMHVd tfjf tSHHtogt 

fJUf   Operotics to tte iaftevot* 

1.8  g. fe ftrajgja on& S. J. iMfa "hcMg of ftogd Bttg jgflaggj 

tor tasaag fta»os—a« n Mtoeft Iftfc 

Gas of tte sojor zc&e&ea* *» tte JswslgpBBt of a tesatelo filter 

Is tte saKafftctmv of tte tes£e find illtss?*   A te£#£ gasss*? 2f 1« 

tteery of 'tte X$ofc t£g# filter is dosca*ited.   3te ©systtcaS, tsterircas 

«? tte various Stomte is aisaasos&j as sg^ tte teoteigas of agjoafclt 

ce& e^iieaUjr fSsisMan tte e25*t*i plates, te^pastftta* eosfcrol eril 3a»» 

iBOfclOfi g 

IX esgssfe lite* 

sijfcs r«#ag=% a«wffs tte s**Jsr est-ivit&ss is&Sa3"t«isi» (tetsg tte 

I*sie4 •Smm&j 1 to ^igwst 1« 1&9» §& tte fl5?»:i^ssl A£ a feasts 

semsr ^sa£ «$fciesl filte?(   fas jr^^K «? «etea£«il ssreesmtes of 

oMttssKi is itecnsswi «its as?a asteii ttes ia tte last tamest* »e& of 

tte s»ee«t*sfm tectsaJUgaee aawiag te«a &»te£$5teo& «c this tlsr«   Sfcwaes* 

os MrofMagSBos *a?lstia& with te^ittfc—» Mnwtei oeotrt 

tesslag^ sdo* oorrseftor plates sa£ tteSr i—mi—r », tadsg oil 

sad pfloltioflsJ xmm ft* filter ocapoasats tef* tew laotetoa.   flasUy* 

m —sMcs ogfsrli ptoolst ft* fatetv ts«wti«BtetOft O2O«MS tils 

t»,«w*«3ti'S3'B' 
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Saifd Jtoaoelataaj I»e« 

t„*   R. J. Saichal. agggtgft Bats, "gha jagg gfi SSflggSSB rf BSSBSM 

•ii   w^w'i '    ' i naUli ii   -ii'ir ii •!  i ~ IM"I    ii     iT 11      HI i   »t   if   1    iw in 

A oaqpilatloa of tha baat vaiasa ofctalaad fxoa aa avalaat&n 

of —iro—li at tha •R&IODBI WTMRS of Standard*, ttolveraity of 

Bocmsftmr; MA Bmird Aaaodstaa, Inc«   Flaal aeeuracy la lndax •w0**» 

la aatlaatad «• 5 In the alxfch place ^agroed the aeotaal.   Bangs *0CO- 

6700 aaantroaa. 

i«5   li Me M1iifraa» tf. M« i*g*iaia and 5. J« jaaja. leaiiniaej xamm* jaaaj 

June 1SS0« 

Tfeia report covere the entire &ar«slopsaat of the fixed aad 

tuoobla filtera fsoa the l&eeptlcn of tha oafltract la Jtae 14&8 antll 

Jrae 1990*   It thoa xepaata or at—ayiaaa »et of to* iaftSEsation la tha 

preeedlag raporta oa fabrication of tha fixed filter,   la addition, tha 

devalopame of tha taaeMs fi&asr Is treats la detail for tha fimt 

tiae*   Several twiag garthoda are preaaatadf acre of «Meh aere triad la 

•ij5s*i l-pjagaagfeajwr. 

£.6   a> M. MJJJaafji 8. J. Sags and 1. ZjBggod Jr>t ggghnlcal Beaort 

datad 1 Saptaafcer 

In tii&M period tue peo&rm wae expended Isy <e^*aaaiva dara'l'aSMfit 

wcxk on other TQrpee of ORXTOV BHB ojrtiaal filvaro*    us 'twc wf wuloi- 

layer dielectric raflaetora to obtain greatly deerwsaed hand paea aad 

laeroaaad traaeniaelcn la tbe aolld Vfchry-Pawt latarfaraaoa filter la 

deecrihed.   FUtara 30 aagetroaa alia vita peak txa&ssUaloa of 30j» aara 

prcda&ad,   tha aispde isk*&m*kvs filter* «aa be tuaad ofar a 8am ©* 

at laaet xs# of tha paak wereleagth elsyly tqr tilting tha fiitar.   Tha 

***si»«jp,*»»~ 
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C Selrd doenotrtae# Xase 

I i»e of thecj ectta awltHajrar reflaetera to erectly *s^rore the 

iatles of the staafecrd air-epaeed Sabry-?'*^ isSusOssmttm im Si 

frpHnatlcs «M aada to the extension of Rabry-Verot latogfersaetry late 

tha Infrared and to the high roeolutlon etody of Isotope eboadtneee.   She 

tolerances oa laterferonster plate flatness la dfscBasod, 

ffer flataaaa tasting las devleed aad deeerlbed la ttaa report,   l&sa 

eXaa»aaaa silvered oa both cite* aara devaiqnad ss tha tact awafSriala 

eolation to tha proaiaa of obtaining thick, f3*t, eelid apaaar layere 

for fatey-jfarot flltara with band fiifch the order of 1 angstrom.   She 

diffioalties of silver reflecting layer* la tha Infrared la diseaseed. 

the alee platee aara then coated with asltileyer reflectors designed for 

( aboat 1*7 Macaws,   tsperlsecte oe the 1*7 a&eron dcrghlst of assepry 

deaoactratad that high resolution I*bry-*eret latarferoestry ccald he 

axtanded to the iacfrarsd, with ttui&z by tilting. She appllqatioa of 

iaterferoastry to laotops detassiaetime is dlsonseod» «£th 

»n»iw«»«> *£ »Ky rgcclntlgg of the agrffYiyx ^S sag the teSagaa C/CC 

Iwtepe Shifts and byperfiae structure.   Tixmilf, eoaaldarable farther 

I development on the tmsfela solorlse&ion interference filter ia proaea»nfi» 

f with eagbamia oa ex&4Cd£ng the tuning range of the £ il*sr to cover vary 

' nai aeoctsel roeices*   xbi« remorse lew ordar rotsraatica plates* aad 

the available aKtarlale of lev linear or circular birefringence ta» 

suvfviyfad and evaluated* 

evr  Be 1. Billlnaa. P. I. litibineon. g. J. fjen aad J. a. Molar, ggSggJ 

Bepart dated Pjoesjbsr 1« 19Pt» 
dp* 
«• Sorlag the period covered by thin report nor* cantered on ttaa 

a»Ueeta«a of ttaa alee spacer fhter^garofe iatorfaranrtes to laptops analyeat. j 

i   i 

h 
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Baird Ass»eel*tasf las. 

A VOHI^S la»trasnt for spedyslag fcydro^-deatartaa Mixtures is dls- 

e»io&*   1&£§ fj>gtwi»it iM *-«#«4 «ea tfee f&st thst ttes ss&ea ggaser esa 
I 

be adj wUA to produce two egpositalar polarisac* light beaas, cot twsastft- 

tiag a* Kx nd the otto? at Da. 

lagarlaants bate bean perxesae& to tost the Masitivit? «sd 

reprodaclbillty of the ayatea.   These pre! laJaary toot* lafljgate that the 

inauruwwre eot£& be used sueoeosfuiij to oeasurs the relative coaoentra- 
A.«__    — .a*    *    -       .* A  
WJLUatt   m     WWW    AMtfl^UW a 

(•8 l. O'l. SsgrtgEi s. J. Sage gad M. jjgaBSs g**j 55£l5a£££ &BBSJ 

dated July 1. lgg. 

The F*bry«4»erot latarferaaeter «ith alus cleg9agas as the 

i spaeer, as described la the last report. Is ecaplsialy iavesti«atftd in 

tSli &«jiart.   The properties of alea see* to reader £t lapruetleal for 

that usage asvisaged, nasaly , the variability from ssapla to taaple la 
t 

blrafrisoeace, the ispoaeibllity of clearing to a proscribed thlaS&ess* 

sad Its aberration. 
i 

to ASP T;lrefrlnge&t polarisation flits?, a unique «y$e of 
I 

tuable fSltsr, is «:i«sriboa and esaly&ed ecapl-atoiy la tfcis report.. 

It is found --wot it is suitable .for only aoderste acem-aey Isobeple 

<• 

I 
£v$&Ler broadening of 2z sad Da, sad this effect Is aaslgrsad.   She 

other difficult las are the high tolerances repaired la flatness of 
I 

Slates sad la tospezatave control. 
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5.    FCSLISaS© rAKRS AMD BOSS 

*he Iclloviag publicbed papers sad talke presented *fc *aiaartlfie 

society nestings were supported by or etinileted by the work of this coat* 

t£wt| ct ISSSt is gart« 

5.X   a„ E. jaUSffii "TQMblw Marrow Paasbsed Ogtlool Filters*. Stater 

Meeting of the Optical Society of Amrle*. February tO-SSi 19»7. 

J^Opt. Soo, An. 37, gCA (lfrj). 

a s*dsrits*£« filter will be dsgaribsa _U   -«_ — j 

of the nyefa'f of the order of «a eti**trcG ia width and Utew pessband 

ess be ^T-slly shifts to any w;?elea£ta ia the visible spectrua*   tre- 

Tiously, polarisation filters have been designed which have a Tinner 

aperture of several eentlawters and a traaaelsslsa bana s& aagstroa wide* 

The action of these filters depends on the superposition of the polarised 

channel spectra, farmed by X cut pl&tes of quarts between parallel polar- 

iserae   Quarts plates ware »»ed whose tMcknossss vase in the ratios 1, 

1/2, l/k, etc., the alternate passbssds of ee«h piste wars cancelled oat 

by the bleak bands of the succeeding plate*   Since the paeeband of soeb 

filters see fixed in wavelength, they bad United application.   Interest 

la filters of this type ens restricted ssinly to nstroaeesre.   Jtoelysls 

shoes that the 1. l/s. l/-- r*txeA**.±o* retios in the fixed £V tsr cs& bs 

epeet considerably without taduclng any appreciable change in its optical 

characteristics.   Tuning is accomplished by altering the ratardatmn of 

the sueoesslve filter elraunts so that tran emission aexiam ia the individual 

channel spectra coincide at the desired pasabaad wavelength.   fb&M retar- 

dation change oaa be aade Mechanically *&r eawsple by stretching 

_1 
* >iii^*tk^w»—^-~ 11 as—i m SJMI i Sim m i i "Mi tjKWalgWfcg'"j •—ff 1 l1Ti hl\•""r-wt-'iaaaaug'*-*• a u^-as-y^.*•_• tXilataa     »M^J 
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plastic sbtc&e la series ulth the aleassta. or an be 

by aai&g Eerr call* cap erfstala with ttlgh eleetro-opti* soefttslaBts 

sash as wn.i 'ii-^jt ftlhyiiroaaa pheapheto*   3SM sddltieael retarfefeioa *e?w 

hM to OEO—<l 6 full wave*   Za the eleutrioal oaso« a uetwuia ooold be 

wwpl ao that vita e siagia eeatrel the paaabaai ooeM be shifte* 

thresh the apaotroB.   A taafele filt*e wilX be AaWB0«anc«««U 

5»i   B. 1* Hfcling*. "A tunable BarrpavJaaA Optical rates*'. J. teft» feaf 

a»M  i*s lag - **' 

Folarlsatioa Interfwane* filters ere feserftai Which oaa tew 

a pase bead amazing fzoa a fraction of m eagstroa to several inftarot 

aagataraM la width,   taa pees head oaa be shifted to aay desired regte 

| of the apeetwsu   these tuaeble filters are baaed oa taa fixed flltera 

dlseassed by Z^ot «ad STiaa.   fbe tra&snleslcB bead is foraed ay taa 

swpcrposltloa of taa polarised sheaae! spectra, prooaced by s^ctus p?M*a 

of nparts or other fcir<ifrii»**& aadia placed between parallel polarisamu 

taa birefriagaat plataa hava tftle*&eee«s sa the ratio lit*% etc.   Taa 

toalag ta aocoapllshod by ebaaictag taa Twiar*stioo of stasceeelrc al assets 

•3 that treasalseion weals* la tbe •crloas chesss?. spectre soinaide K* 

tfce atsiyftA iKvelcngth*   2be ve'wrtietiou ohenge osa bo wade aael&aioaiiy, 

jiHj* «MM*. t*» rftyfcehiatr f im ii»witti nisuv^i^ s&cste la aarlaa with taa 

filtsr alaaaata* or aaa ba aadt electrically by aaftag Karr cells or crystals 

with high cieetro-sptic TfttffjftiaU, sash as uaaoaiws Ataydrosjaa phosphate* 

fha additional retcvdetlon never has to exceed a fall «g5s at the wawoleagth 

of paak traaanUffi««.   fka aaawtarad traiwartsslcwi of as cwjsrSswtal filter 

(j fa above.   She electrical ttniag aathod is particularly1' aaaptsfl to cathode 

1 
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Salri Aaaoeiatas, Sac. 

?sy g*«illegy^ prsssststisB cf ss-sctsr-s. *w filter aieo Bee poaeiclg 
I 

application Its color x<aproduetion and oolorlae^ryc With a pest b*»i of 

a helf-aagatroa line of eiskt Motion of eolar yroatneuees could ha det«r» 
l 

sined by the «N of the Soppier ahlft of the'proBSaence r&Aiaticm. 
I 

3,5 to 5.6   fe Jf tmingg end Ht frlf ggpBBfag, ftee BffttHffy 

Effect la ftolaxlal 9mtml* of tht Typa Z W" J* Cpfct 8oc* *"* 

j • I.   Thoowfele^ g# TrO^gJ 
I When voltage i* put acres* a crystal of the tsse X aUr&... tha 

SaSg slliygotA In the crystal la rotated esd too length of the same 

ahsngae.   Two electrt.«o5tle eoeffiefsnta are necessary to <&sse?i-i<e the 

| 4-fact in tha aeet general plate of the cryatai.   The aaoaseity for ten 

( ooefflelente la shown fro* omalaeratloa of toe «oyetel aj—lii..   The 

I behavior of Z-eut and X-cct plate* is treated la detail*   For X-cat plate* 

with the voltage in tha Z dlreotlon the crystal beeeaae biaxial with the 

§ plane of the optic asea at 45° to tha X and ? crystallogra^alc arU.   CM 
f 

retardation along the eoreal to the plate le directly proportional to tha 
g it 
I voltage and Indepandast of the thickness.   She characteristics of tha 

| polar!aatlott Interference pattern for excited X anS Z plate* are dlaenaaed. 

I Xh thla paper It la stxtm esperlsentally that whan .-, voltage le 

I applied to the 2 direction to a taeal eectlon of saseatax dihydrogan phoe* 

| paste the crystal beceaee biacri*!.   The nor&al to the plate la the hteeetor 

of the exes end the plane of the axes la inclined at ^5° to tha eryetallo* 
I | arapfcle asea,   The loeatSea of the axial plane le Independent of the 

\J nita&e of tha veltag*.   The retardation along the noraal la directly 

r 

I 

I 
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Beird Aaaoeistes; las. 

propertlcal t© tbs *slt*6* and x» laflsgandent of the thteaasse of tbs basal 

soctics*   ^sctegrsphs a«s sbwsa of the iaterferssos setters s^fegJssd =itt 

polarised light abas roltagt is sppliea t«. the oryst*!. 

She bebaH-fir of the crystal plat* with aa aXteraatlag voltage 

is also dasaribsd.   between $olaris«?s the «?yew-l oea 3y€ra£s as a 

light valve both for abort poles* as la * asaira abattoir or for soaples 

souad nm uisa soaoi-sK-filt devlaa.   It if g*=sa that aitfe criLvealar 

poiariww. /»i«jxn "j* panwst siznsoia&t aoosuskica iatfoeaaas oniy 3 

aMwwte sistortlo&. 

HI.   Maagraajat of eoefflclaata, *3. tC 1X930) 

She alectro-optte ooeffielaate of two crystals hem bean aearared 

by both static «BA dyasale satfco&s.   for WS^MfO^ v^ - 1.3», r^ - «.t5j 

for ayV r*« * ,a5« r«& * £,5S <«***• ao"7 «•«•«•# «^« V55«0).   S» 

w»ri*tiee «r the eleetxc-oBtle rsopoBse with the fragBsney of the tgpliad 

field is givea «ad related *o the plaaoolootric vibratioas of tat crystal. 

aa**r ?ad at eoaatSKt #tres« and at aaaataafe *w?sia is dwiT*4, which pro* 

sK** « *&***£ sa the lioaw&ateasr'y *? £ba presaatly available aleatrxptle,, 

::iw.> ^'s-kS?-: /G4tscaMri .is oaoS. elastic coefficients for those crystals* 

fne use of s.c. cnibeos to obtain high pswcisim in poJarisaMoa saaewv- 

aenfca is dismissed. 

if.   JtapOar WajA of the Bactr»-€ptie Butter. Nt, If (ISM) 

when voltage Is as^Liad to a basal saetisa of valaatal eryiftal 

of tat typo OffOy **• crystal baooaas biaxial.   Balaam nrossad polarlsars 

it osa bo oqaa&sarad, than, to act as a light valva*   9» angular flald 

mmmm aw>asw-JM*»|«iw»Me»Mea«aie 
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of -rUw is Uaitad by tha natural wtarofitisa af t£® csystal.   tkU 

temmmg* assess by vs&eh this astwal ratsr^atisa uaa iw maimopd or 

affaetivaly caaoalad ao that tha ratardstlCB vita so voltage l# •••atially 

acre crtr • large aagole? field.   Xa tha firs* aathod * basal saotica of 

aalastlal eryat*l ef oppoaita al«n ia pla^ad la sarlaa vita tha slab to ba 

axeltad.   teotbu- taehaiqpa osaa tao slabs of slalls? crystal «?i*h a ^P 

optical rotator glacis featwaaa than,   sata tha— taichnlfnaa «r« faraaUd 

t&ao?«tloally aad espariaaatal asasuraaaata ara gHaa to show the ra- 

soltlae tmgolar polsrlsatlca pettsra.   Shis pattara is sSgsa «wr> for 

tha alastricaliy axsitad easa aad tba aaassited easa, 

5*7   8. Q'g> taraaatarj "Intoead Urafrlaeance of Ag aad KB* aa a BBSS 

tloa of Taamii uiVjra". Msatlas of tha Optleal gosSatar ef Aaarloa. fiflHfljg£a 

Ogtobar gdfia &8Bi J« Sala BSSa A Sfii 359ft 11222) 

2a stroagly oaraalactrle aad f srroalactrio eryetalf tha phet€M> 

alaatla aad sls?t?A^**«e eoaJffieiants. alass alth tha alaatiaf dlalaetrio 

ssi pisssslsctrf 3 sss&wti**- f wiibii iarga aad aaoaalooa taagmrutwa 
k 

oapeadassoa •   Data hava boon obtained o& tha varieties alth teaparetore 

of tha aleetro-«ptle r— and tha pbotoelestie e*g ocafffie&egfta of AS? aad 

DP free «wa 1 aayawtara does yo tbeir gasgsattta treasitlam 

!••», la the gara-alocfcrle region*   Several teohalqBSS of atkiati 

asaawsaaaty «U1 ha <aa»eribed aad ©cqp&r*6 as to essssaay*   f»e <*las*io&l 

tharaodyaaato theory of tha intereetica of alaotrloaA aad aeahaalaal 

5.   W. P. Hasea, Pays. Bar, ££, 179 U9*«). 

k.   Brisker aad asherrer, salv. ]>hye. Asta |X» 3*« (1?**). 

5.   esrpeater, J. Cpt. tee* /a. ijO, »5 <1<^S). 

1 
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laird Aeaoelatosj Xas. 

SfiSisgaess w&this the crystal will be ag^llaa t© this uss ss as sft«isjt 

to relate the ladassd bi?3frissenee to * properly ehesea set of —re 

•sepia prwitin la « tesgsKftare-ladspeoaeat fiuMxm* 

SIM* folsylaatioa ggjglSgiiea SS£g!!j JflgfeS JMSJMI gltac Qgtleal 

gaMotar of jBggtgg, gg Tork» March it*ai<t IgCi J. Opt, tec, lea. ¥>. 

MSA (1990). 

OM of the sain difficulties is the CBSatnatlOR ef ft marram 

bead IOTOV^NBB   tspe polarlsatles later?ereaoo filler Is the swcwwwt 

Of largo Slabs ©f tMftSperSUt bSJPeSJrfLBCHJt BStOrlal.    REOTiOM fUbSM 

bare fceeo built aalal^r of qpsxts.   Ttm mrsmrmt the bead width, the thicker 

too repaired feirafrlnqent slabs.   A iA width would need a averts thiet—ao 

of ag?raxliist#Xy 8,8 iachwe,   Optical opsrts of tils thieiaess As one** 

tialiy oasralleale is qoeatitr.   A filter hat *»«*» eonstrtaeted oelag 

—soalaB a^qndrosct pfecs$»te a* the birefrlaeeat aateriaS..   Althoojdi tfete 

crystal is *a*iljr sraSj aa&s it la wtWaly difficult to work bsoagsse of 

its aoftneae and baotnee it is «B$e? eolu&l*.   Furtheraocre, it has to be 

bald to fleer tolpmsees thsn the gasrts slabs baeaase of lte higher Mst- 

frlasuuee.   She filtw which will be showa has sanhsalaal tsaiss tfi&ah 

•aables It to be adjusted over a raase. of about 5*.   2t Is alenwsfl la 

future wort to teas' thaws fliters both aUctrloell^ aad ttttehMloally 

^T3ar a elds spectral rajjjifis. 
eBwea»«aMeseee»es<B*eee»a»»o»*»e*eaeae»esaBefr«acsae«w»*M«s««ees 

6. B. loot, foapt. raad. 1*2,1099 (l«55)i T. &s*», Beture 1U, tjl (1998). 

7. 1. ftV aUUass, J. Oft. too. As. 2Z» 758»7*i <19*T) 



'•^':;'-i&:^***^ 

t 

i 

"        •       •••-•'- •       .   .. -. J 
<Mm>wa 1 

-XT- 

5*9  1. 1. MlUnas. "A Blrefringant Frustrated gotel BaflaetiaB 

J. <£*. So*. laJtOg »71 (IggO), 

Is the standard Turner Frustrated Total Beflactlea filter the 

pane tends occur la pairs vfcicii are oppositely polarised.   The aarli"^ 

theoretical ta—Intea la say bsaa la thus 30.   In thla paper it is 

ehosn that if the high Index layer of the filter ta aasde of a blrefriagaat 

aeterlal tha oppositely polarised pass ba&ds sen be aede to coincide as 

that tha mtatlmm the?*»t-«*-l tsnssnisaiesa beoosss looji and the nods eoeur 

alngly.   Kaaaureaaata are shewn <se a t?lltar aade «i«h such a blrefrinosns 

layer* 

3.WJ   |a 1. HI Unas. "IxmJjaxtarr Polarisation, and Btnolarinara" .Invited 

Jajnerj Winter Meeting of thy Optical Society of .Aaarlce, Washington* 

March 1.3. 1991; J. Qgt. 6oc. flu si, gig (1931). 

3*11   B. 1. BlUlngs. "Barrow Band Optical Interference Filters", gjgfe 

A publication of sone of the principal results deaerihod In the 

*,?.*   ^- X. M^ts&g, **«s ssuAt* A&feK T*%L« ^'.'..vacMomia*. (Thin Filae 

In tha Infrared)j J» ggo* *LJ8J&s3 • V jgfi (1930)» 

Thin fUna have found use in Infrared light ea optical filters* 

aa ooloestera and for reducing the aaovnt of reflected llcht.   A thin aetaX 

film sen also he desired ao aa to wholly ahaorb a given wwttlesagth in 

tha Infrared bantiu 

T«o types of filters are described.   One it Bsrs Turner's fw»- 

L trated reflection filter, which trensadta a narrow band Sn the visible 

i 
! 

L 
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Baiuft aagegjataaj la?t 

Ssa cmwBi oatter tea axtaa&ai Its VIM -to iofwtroA aa& to 

alt if n fllml BSfss of 1 os acfsloo&tlu   A aaapHift is QkBowrtJ?»ta4, trass* 

alttlss ft teaA 0.1 |i *ld* ts tte aaJttfcorteod of 5u. 

«te saeoeA typa i* tte Paoolaon StOlay raftae*!*** filter, ablaa 

raflsets & sst cf iafrars* testa; saragal sach filters flam eteanc   Tte 

princrSju* of tte Basal fin aadlay filter is tte following   a tiUa 

fila of 577 ©tea/aqua** raaigtaaoa absorbs oil tte caargy in a siran 

sawslaagta. stea «4acad a foartar wrtala&gth la frae* of a pas*ootSy 

fleeting stssar. 

Such a thSa fila can eoastitata a telcaatar, tte* cbviatisg tte 

difficulty of toriag a satisfactory alar* tedfr (all avtallle blaoks ara 

gray ia far iafrarad I±gfet)i   each a black la no loagsr sssdsa atea tte 

tfeia fila is of appropriate raaistaaoa. 

3.23  ¥. M. gasjaja, a. J, Urn, 3. M. Aa&araca gag J» Q» Solatia. 'IA 

gfeasft Ftetograpay with tte JBfiSSBg^BaSsg •tetter*« gaajateft at •% 

^Basting of tte Iwr laglsad flection of tte Optical teciaty of *mxt» 

lasjAnrtX-10* 139t. 

*&» w of an artificially groan asratalliaa aatariol* aaealsa 

AlbjAxooan ptoapfevs, aa a big* apsad light valva is iaserfted*   Tte 

crlaatstioa ranjt&rad to prodaca tte optima alsetrc-optie oafoat, typas 

of alsctrodsa used, alaetreaie ra^irsaaets of tte gal as? uait aati7s&2ag 

tte crystal, and tte aansral parfteaaaea of tte shatter aaca isala&sd* 

ftetocrapte of aaaladtag firseracksra, aapoaad by tte light of tte 

plosions tteaaalTaa, with aaposaro tiaaa coatrollad by tte ateatsr 

froa 30 to 10 alerosaconda aara steam*   to 

wmftommmmmm 
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S89ZZG1 33 - A XB8BBDSAL JSWHff 

fhe 7ab.ry-Ferot ixsterferaneter ie an artregiTly aiaple dispersing 

lastnosst rogttlrlag only two Slat quarts plates with refleetlag layers 

ea OM aids held together by aoae fom s£ aouct to insure psmneHaa of 

the platae.   2a «pite of its rirplieity, it bee long been rsocgalsed a* 

the last=r«awt of tba highe** •pectral resolution *»»ilabl* fov t&* spee- 

troseopy of dose line structures,   la this report its application to the 

srcfclan of the •peetroohaadeai analysis of hydrogaa-^Mnztcrlua Mixtures 

is surveye>d la detail. 

£ S» -parti* of the plats. U detsmlnsd to ho OA Inches 

by tha raqalransat that the deutariua fringe he exactly addsey in the 

feee epoctrsl range between two successive hydrogen fringes* At sneh 

nawew •paulage the tnstensseet is cs* at all delicate or oirrieult to 

slie», «s es^sred to the aasre difficult prcfclsaas asis:|M «» -•*--=-. »«*— 

structure*, sbere the plates have to w* sjs«ed several finches apart. 

In order to own tin «& r«Lsag&h spectrus* the {afeqegeasaetsr 

Is aouated In a vacuun tans.   She fringes are observed t&rongh A circular 

aperture and photocell placed at the canter or the ssn-Snoaa ?tibry-Perot 

circular fringe pattern.   2y v«ryiB£ the sir pressure In the t*s&, the 

fringes are collapned, because of the varying Index of refraction, and the 

eavolangthe are scanned past the aperture,   the resulting intensity ver- 

sue erfalength la plottied on a strip chart recording aieraa—ear.   Tor 

air the scanning is onJty about .57 orders (or free spectral ranges) txm 
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fts&pi dssoelstes, IBO. 

Taeese to one ataosphsra.   f&is wts Saprcwed by osiag fOa (.55 orders) ead 

•cSghsr hmwrasssrids (1,5 onraexe). 

the thsosy of the Fefery-Perot fringe shsjw ii> distressed.   Is asp 

diapesaiag systsB the resolution and the ooatrast era %h» iavertast part.- 

•rtm,   9M eeoftrest la of c«?id*rable iapozta&iee if doutsritsi ii» or- 

diasry wtar (.010) is to bo detected, for the <8ea*ariaa friagc is 

SBgarpPsefi cs» tin hydxe®si background, 

After oatomtalng the theoretical factors which SaOaaaoa the 

raeclssisa asd eoBtrest. en extensive eqperiasnta3 progrtat «w undaftoteso 

to ikcMonra the aaxlB*ai vslaes of these too ianortaat paraaaters.   She re- 

flectivity of the reflecting layers, the flatnsae of the plates, sad the 

width of the Unas in the eocrcee are the throe Halting factors on rsso 

lutlaa aod contrast. 

Zt ia shown that soltilayer reflecting layers are far superior 

to sHw, w ton o^iilaywr pr^psrsi geve ssra thss adogsata reflectivity, 

rsaolatioa and eoatrast.   The rsTLectinty was than less a llsritatiqg taw 

the f lataess of the best plates shleh could be obtained,   k eoasidgrebla 

discussion is given of the toetaolguss of salting ault&iayer reflectors^ aed 

of the epperatoe which sms oonetructgd for the independent esd preeine 

aaaaaaaaaat of the reflectivity. 

Zt was Beoessary to eenaid«rsbly iagrone our epperatoe for the 

isdapsadsBt deteaala&tioa of the flatness of the pletas.   actually, ia 

flataass determinations the seas lialte oa reflectivity hold, so that It 

was asosssary to first SOITO the reflectivity $*ob1tai before the flatasss 

of oar excellent plates oould be observed.   Mban this w*» fiaelly done, 

'•=»- 
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I 
I it vac found that the pletae tare flat to eowouhore bettiean 1/50 and l/iOO 

of a fringe cf red light. 

At tax* polatt the width and eontraat cf ear fringes «•*•• prla* 

cipally detersiiaed by the actual aware© width.   A definite Ml—toy in 

the 1 elphe 3in« van obssra&la, which la duo to tha Soppier broadened 

fine a true Cure.   The direction and nagnitu&e of the aajamtif are In ae- 

eordanoa vlth the structure* and the width la is aeoardaaoii with a 

ssassssShSa agaagtlgi ** L-J t£» aiTwciivw Bopp^**" iceperature in the 

eource. 

xae recorder haa to be sflgewbat taproved In order to achieve 

the wnriim signal to noiae ratio,   Thie involved adding additional input 

gain or eeoeitlrtty, and lncreaalng the tine eonatant by adding capacity 

to the input.   8ce» care had ei*o to be exercleed to reduce the etray room 

light to a ainlOTj alnce any fluctuations In the etraye would he £leturbiag 

ox eouree only the fluctuations in t-h* 3erV currant aod inatnaieetei b»*fc- 

ground which limit the MWswitiTity of the aethod* 

to BR&o* of all th*e* esperliesntal efforts- it us potwibla tu 

ebgi&rve the dsutariue f^iisge In ordinary wator, an affective contrast of 

•Mnw  vuv/   v/w  A* 

A section in the report la devoted to a ooaparlssa of the light 

gathering power, or luminosity, of the Fnbry-*erot vita pcieae, gratings 

awd other dispersing elawnta.   The high luainowity of this simple iastxu- 

aeot gives It a further adwewlage over tha other Instruments.   This la of 

partleular importance whan the applioatloa la energy United.   In tola 
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ooafieotloa the sultUay*- ?«£U»at9rs ere Tltal, tar although sSJawe eea 

v» #ry-go*«t-d *» vsry Mgfc reflectivity- tM« is *«ta**»4 «* ooasddsr- 

•Me wpwit la HgtA traaoBlc*3ae at the peek. 

fhe report alee disoaeeed the prc^l«i of aftfcalalag eoaeeee of 

hlah etehlUtgr end aerrav Slss viAfchs.   A ajbdaf acd dlse&srglag sppa&etue 

for hpdrogta cad devteriue geeee m oeastraeted.   the aset ooareaisBi 

soiarae appears to he the voter repot diechsise, eod the fissl reaolte sent 

ehtslaaA with thie searee* 

1. 

For HSB aonthe ear* under this contract bee been eoaoeraed tilth 

ieotope aae'iyele "oy seem of asthode closely enelogpae to stesdsrd jgeetrs^ 
I 

cbssioal tectadqpee.   la particular, a SMMT or 31*50* laveszsrontKne 1 
I 

eepsxating closely ejaeed rtcede Uses orlgtastlac froa differa* ieo&ope* \ 
I 

Of the  SSBM *i*»B#3v  3n2ic£r  wUld C9 XeSS  SToiiSv  S3td SSpSSSSi"?* tSSS ISZS8 | 
I 

fratafig cjectrssrepbti. 
. .   .   .    . ! 

He fsorioee reports • poieriaitxoa latorgarosotor ate oeen «e- 

eerlbad etdeh asperates tee lines la a   elawl* two ieotope prebl«B late { 
i 

too heeae polarised et right eaglee to each other,   this lad to en Ingen- 

ious asthod share the wwlwti- •Mrs sot diaper eat ia ordinary space, 

bat only la golarlaatloa space*   •ftlculatloa* were aide to ehev hev the 

eystea al«ht seek for hydregea-di*&erliai analysis, ae a siapla, pat 
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( I Selrd Associates, lac. 

Ij^oreant, exsapl* c? the two taotcpe problces.   A fundasatftal difficulty 

is, inlying the iarthod tc Iw eoacewtretions or with high accuracy 

Is any «*r where the ttso Has* had structure, which eight aria* fro* 

the fine structure of the lines or fros the Use hro**w»1nf la the 

Shis difficulty arisaa is principle frees the fact that in a aanii iiers 

are only two polarisation states? because any other state of polarisation 

can he resolved into two ecnponente la tha given stats* (usually tahen 

at riant angles),   therefore the polarisation sethod, without additional 

dispereion la ordinary epe.ee, can only resolve two purely aeoocbroamtie 

Sens work was alao done on a atfea Pabry-ferot inter^eroneter 

systen.   Sale netted was found to he impractical beeanee of the great 

difficulty la selecting nice cleavage plate* which had hoth birsfrtugcnos 

vmZm and thickness to the required tolarsacae. 

The iabry-rerot laterferoeeter ^reduces e series of very sharp 

Interference fringes aad prouuces u dispersing Instrument of vary high 

resolution and dispersion, but with a United free spectral range because 

of overlapping orders.   Therefore it is very highly suited to spectrum 

analysis problem Involving only a very few very cJ^eely spaced epeefcrw 

line*, which is essentially the problem of isotopic analysis if all other 

lines In the spectrun can be elisdnated with auxiliary filters. 

Since slca is blxefrlngent, i.e., has two indices of refraction, 

it produces two independent sets of Fabry-*erct fringes*   '.Osus in the 

sense of the words used above, It is an instrument producing both dis- 

fsshOm and polarisation.   Since tie polarisation double beam asthod led 

$ 
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to dlffietaltlao wbaa thasa mm »«w tb*s two pur* aoaoato—ftle OOJ©©- 

MBte| raooacisasration of tba eiacOa «&r (g£«ead faferyJfcxet jgd^farcswitag 

OM of tba iimsnltiaa la the way of ssise as osdtaasy Ittey- 

Farot far apaetxocbaalcal »n*3y«is liaa la tea fast that two cirsslar 

ellts of dlffaraat radii would ba raojelrad to aalaet two team, «sft tact 

praelaa timing of tba apacar talabaaaa would hmva to bo •alatalaad in 

to JDMO too two ISaaa cantered oa taa two «Uti.   Shaw la, wwf«r, 
a 

a aatbcd. wiiliA bsa beaa daaorlbad la tba lltaratttra   :rfcr saroeSaa toning 

*iT tfis fyiaeaa, which conaists of v^fiag tba air praaetffs withta tba 

qpaoar layer.   ftLaoo tbla warloa tba lnoas etf rafr&etlon of too apacar 

(' layar, tba circular frlnana ara ooUaa—< sad anyanaod by tbla ostbed. 

fala lad to tba idoa of a alapla labry^arot latwrfaraaMtiir aaeloaad la 

a T&CEsm cbaaber p with tba wawaXaagtha parsed by a elasla sssrtnre eon- 

xrouaa by woiying -ess sir prsesss^e wztma xx^s eiiaaMf s 

Xa ths ttMEfe saotf *s ****s tg^-crfgyssSfflp 8433. bo flag artboJ 1st 

detail. 

&.  OBBOAI sassomes or as FAmr-*SB« nanwcMMHig 

A Fabrf-tfero* JBtorferoaatag ooneiete of vwo M#ily reflecting 

iayere eepereter. by a spacing i*jw «aiel> aeintaiaa the too reflectors 

aooarataty alas* aad narallal.   Whs* sir is tba spacer tba two plates 

ara held apart by a thsse^laajged dewlee called a "spacer".- 

She tbaory aad practice of tba laterferoseter ara flaaorfbed la 

detail la feiaasay'e "Ugh absolution flpaotroaaoBy"*   Only tba ana* 

8,   «. Dcftmr, Ih*ale, P**i- (l«50). 

\ 

-\ 
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iaportaa* equations cf its behavior will be reproduced here for 

and for efflruuisJermticaB of the chsracierittic* of the lastruaMst which art 

critic*! fog? the I-D application. 

Construct!"** isterferenee occurs end bright i-harp fringes ere 

found et those wtveleagths h end eagles * (froe the nornl) sstisf^ias 

aX • a> t cos ft (1) 

wacre a a« an uroeger* sajueu %oe   orsisr nwr   ox ui mogti p is toe 

index of the •pacer layer, t Is itc tbioJmess. 

* p!h9tog?aph of a typie&i set of circular fringes taken la •«&»- 

chrosetlc Eg 198 >Usi;k light i» ebova ii* Figure 1, 

Dlffeveatiatizig 

g - - =cji eoe * (2) 

•raieiruj   in  vmvwlisnwfJiai   ct^peoR. auucraaeiVs   xrifinia ox   toe  KMG&I  OTitrwljcagtii- 

i»e., A corresponding to &u » 1. 

Free spectral range (A\)f - -^j-^-—*,^    (3) 

xns eapressica ror %xm rree specvrax range in wove m*e>e» le mpitr; 

haiag independent of wsve nuafcer 

1*h ' ETTSS^^h ik) 

Bav consider the ajrplicatioa of tb» interferoaeter to hydrogan- 

dauteriua analysis with 1^, vt»ir* ^ - J>a - 1.786 angstroms*   la order to 
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FIGURE   1 

APPARATUS FOR HIGH DISPERSION iNTERFSROMETRf 

MERCURY m SOURCE AND MICROWAVE EXCITER 

ODDINARY 
MERCURY 

MERCURY   198 

FRINGES   TAKEN   WITH   FABRY-PEROT 
INTERFEROMETER   HAVING 45 M M   SPACER 
DESCRIBED    IN   TECHNICAL.   CIRC.     SG2 - I . 

LAM?   MOUNT  «k   MICROWAVE   EXCITER 

The Mercury 198 source and exciter consists of tvso separate assemblies: 

a. The Mercury  198 electrodeless lai-;p containing approximately 0.2 mg. of Mer- 
cury 198 which has been prepared by transmutation of gold in a pile and con- 
tains no other isotopes.    Argon is used as a buffer to enhance the mercury ex- 
citation.   The lamp is b mm. in diameter by 14 cm long and is made of Vycor 
#791 1 glass. 

b. The Mercury  198 Microwave Exciter operates ->i a wavelength of  12.2 cm in 
the 2400-2500 megacycle band.   Radio frequency energy is generated in a con- 
tinuous-wave magnetron oscillator and is carried in a flexible coaxial ratue to 
tHe director ^hirh cor?r?rJr^*f?  s.h~ ^y.t^rnsl r?,diaticr. or. the lajVtp.    The uitiv 
has a maximum power output of  125 watts.    Relative power output is indicated 
by a per cent of maximum power meter o;; the front panel. 

High-voltage direct c-rreni for the magnetron is provided by an AC-operated 
power supply which includes separate plate and filament transformers, two 816 
rectifier tubes and a filter circuit.   The input to the high-voltage transformer 
is controlled by .1 time delay relay, a timer and a Vari^c which controls the RF 
power outi-tit to the magnetron.   The hum jias»el Prs-he^t and Po*tf Switches 
control the applicative of niamen; and plate pcv.er : r*peciiv»>ly, while adjacent 
panel lights indicate switch posit! ans.   An AC operated motor-driven blower sup- 
plies cooling air  throughout the cabir.it 

The unit is portable and is packaged in a hand-rubbed quartered oak cabinst 
measuring 15" x 10" x 11". The exciter is designed for operation from a fcO 
cycle  115-volt AC power source. 

The lamp mount has an aperture of 5" x 
pedestal and water jacket. 

TECHNICAL CIRCULAR RD 502-3 Revised 

l|" and is furnished complete with 

*Haird Associates, Inc. 
PRECISION  INSTRUMENTS  FOR  ANALYSIS  AND  CONTROL 

33   UN.VERSSTY ROAD,  CAMBRIDGE  38, MASSACHUSETTS 
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Obtain the '***»«. ywoSiulo   S6£»;7«tiCCif   it   is  *?Sirsfcie  to  haYS the t» VS&B 

3gagths se-parcted by exactly ooe-hslf order. 

*-•*-•.-*-**&-*,) 

This detersdae* tbe re$uir*d spacing t between the two plates* 

(5) *        I 

where A0~is tbe difference is wave msfcar fee tbe two lloas.   For a. - S. JV»" V 
A6*» k,lk-5 e»"   and 

t - .0603 cs - .C257 inches 

There ere of course otW solutions *epar«stir.s tbe two fringe* by V*# 

5/?, etc. orders, and these require thickness TJ, 5» etc. tlaes as thick. 

lower the tolerances on aliganent, spacing, teapsreturs control, etc., 

decrease with thickness, so the choses solution is considered the slaplest 

in practice. 

Row the question arises as to hov mass fritters <k»»* the putters 

shift from ataoepberic pressure to ^acuua.   The chsn^w in ©rSsr stsaher is 

of.. _ iVf. *_t 
aair - Sac " ;=iC-^^ «i 

For air, u - 1 - ..000S9, so 

aair " Sac " 0#53 *""*••« 
I 
i 

Thus If the spacer thickness is adjusted to center the I-fringe araactly I -.; 
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in the slit at atssspbsric pressura* i£s B-friss: ss b« fjasd through 

the silt *• eww-ting the aheifeer. 

•?a» mTtaMa value of e»* 9 and of tha order mvAxr n occur at 

the center of the circular frlags pattern,   for t •> .080$ en, n   is about 

:iB57 waves.   Integral ordere from the smanl e««w art about: 1°*9'» t^*H*, 

*h« ©^wastage of the pressure timing stathod, of course, la that 

one any aide up tha light photoclcctrically fron a circular oporturo at 

tha canter of the setters, and by varying tha pressure In the lnstnaaiiit 

aces the epectral vsraleogfehs pen* this aparfeure, recording the trans- 

mitted Intensity versos pressure if desired. 

Accordingly, a vaeuun task for holding the interferometer 

designed and constructed.   It was discovered that there waa a scrap 

cylinder in the ijrt&I stores which cam eo close to the desired d&aaasiona 

that a considerable sevia» in eccstruetiee eapease could be anaJgved by 

atarting with this cylinder.   The drawing tas reworking this cylin^** la 

shown in In tiiaasT I    «S-gl£C.   Figure t is a photograph of the finished tank. 

If it were not for using the available brass cylinder, the diameter could 

bare been laads wawwhat gmllw. 

fhe elspla aneroid type pressure gauge le an Asheroft cpauge wamu- 

factured by Banning, Maxwell and Moore.    It presents atajospherle pressure 

to vacuum on a acale of 90 Inches.   Che other fittings were an Inlet for 

the vaeuun puup and a snail needle waive for admitting air.   A e&aple 

Welch puap is adequate for tale instruosnt.   miss ware drilled in both 

the end pistes und eolliaatlng lapses ware seeled in with itpieson "Q* 
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putty te serve as both window and lens. These ara not shown in the 

figure, but were added later. The Input ccadeasar lea* was of about 

6 lasebse focal length, and is sot required :o be of particularly ht?h 

quality. She focussing leas was n fine achromatic doublet of 100 cm 

focal length. 

The Interf-3rcs2it5r is the standard Baird Associates, Inc. 

Febry-Peret Interfercseter. This instrunent uae originally designed 

alailar to principles suggested by Mr. F, 0. Westfall of the Satlenal 

sureeu of Standards. A photograph of the Baird instrument it shown in 

Figure 3* 

The specified etalon spacing is .0937 inches. This is ouch 

p      osallsr than any of the standard invar spacers furnished with the in- 

strument. It was pointed out in Tolan&ky's book that in the oanifacture of 

ordinary steel balls for bearings, the diaiscters are held te such dose 

tolersaces that these serve as the bast practical spacers for Sa'ary-Perot 

verk at very Imr separation. Our spacing vaa also scmevAei smiier tian 

i» usually found in steel balls, but inquiries to the various steel ball 

manufacturers uneiuthed two balls close to the desired diaeeteve. 1000 

of each else nure ordered: -C512 inches (.78 as} ard .C5&6 inches (.63 am)- 

The latter was used for most of tl'-e wot*. 

A tst^amr plate had to be amde to hold the balls from rolling 

aroued. The first one was amde of .020 brass and is sheen in Figure a. 

Trouble was had wit« buckling, and better results rare obtained by 

cutting a similar piece out of a mica cleavage. 

j 
1 
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FIGURE    3 

APPARATUS FOR HIGH DISPERSION INTgRFEROMETRY 

FABRY•PEROT INTERFEROMETER 

v: 

i 

c: Figure   1 

General. 

The Fabry-Perot interferometer is one 
of the simplest high resolving power instru- 
ments which are available to tne research 
worker. When the plates are coated with 
suitable materials the instrument is useful in 
the infra red, visible, and ultraviolet. 

The Fabry-Perot interferometer has 
many uses: the determination of absolute 
wavelengths, the refractive indices of gases; 
the measurement of lengths, the widths of 
spectral lines; the evaluation of hyperfine 
structure. 

The theory of the Fabry-Perot interferometer is dealt with at length in the references given in the 
bibliography.   Two illustrations of how it fits into an optical system are given below. 

* 

r 
t 

Fertures v* the Baird Associates Fabry-Perot Interferometer are tne remarkable ease of assem- 
bly, a minimum of adjustments, and a holder whinh accept* spacers from 0 to iQOmm. 

ru--7Y -ffi frft 
-m- -u-y- y- 

•**v   "e, 
?L*TE 

'*. <«,, 

i 

« 

D<rt 
«0i'«CE     COLLIUATOR     Tkt)*t- H*0 T       CONDFNSCR 

PLATES *CT"°»«AP,, 

FABRY-PEROT   IMTERFEROMETER   CROSSED  WITH   SPECTR06RAPH 

cBaird ^Associates, Inc. 
PRECISION INSTRUMENTS  FOR 

ANALYSIS AND CONTROL 

33  UNIVERSITY ROAD, CAMBRIDGE 3*, MASSACHUSETTS 

faefcmcol Circle- S02-1  tr.   1-S3 
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Description of Instrument. 

The Baird Associates F.tbry-Perot Inter- 
ferometer consists oi two fused quartz discs 
with fiat surfaces, spacers to hold th* plates 
accurately parallel a fixed distance apart, and 
a holder to keep the plates lightly pressed 
against the spacer ends and to hold mis assem- 
bly in an optical system. 

The plates. Fig. 2F,are 2:'in diameter and 
.625" thick. They are wedged 5 to 10 minutes of 
arc in order to displace the weak secondary pat- 
tern formed by the uncoated faces One face of 
each of the two plates is figured to at least X./40 
measured at the mercury green line within a 
40mm diameter circle concentric with the bev- 
elled edge. The opposite side is figured to 1 
wave. An arrow placed at the thickast part points 
toward the more highly figured face. The plates 
are supplied uncoated. For use a highly reflec- 
tive, partially transmitting coating is deposited 
on the figured face The coating is kept within 
a 34mm diameter circle so that the spacer ends 
rest on clear plat? The best performance is 
obtained with a silver coating. Baird Associates 
car. supply silver-coated Fabry-Perot piates and 
wi.'l recoat plates on request (See pric* list). 
Silver coatings often have deteriorated substan- 
tially several weeks after deposition by the for- 
mation of sulfide. Because of this many users 
will wish to have coating facilities available 
locally. 

The spacers, Fig. 2 C, D, and E, which hold 
the plates parallel a fixed distance apart are 
made of three invar rods press fitted into one 
or two stainless steel rings 2. 75" in diameter. 
The spacer ends are optically finished to 1/10 of 
a wave of mercury green light over an area at 
least 1 square millimeter. 

When the polished spacer ends are in opti- 
cal contact with the inner surfaces of the Fabry- 
Perot plates a yellow interference color is seen 
that permits easy checking of assembly Stand- 
ard spacer lengths are 7mm, 17mm, and 44mm. 
Other lengths up to 100mm are available on spe- 
cial order. The variation in spacer leg length 
is less than 3X/2 of mercury green light. 

Figure % 

Tr.c ssfggr, Fig- *£», WiuCii Keeps uie two 
plates lightly in contact with the ends of the 
spacer, consists of an aluminum base plate on 
which is mounted a fixed aluminum piate. Into 
this fixed end plate are press fitted three V&"st*el 
rods. A second aluminum end plate slides on 
the three steel rods. One Fabry-Perot plat«« 
rests against 3 pins in a depression in the fixed 
end piate. The clear aperture of this end plate f 
is a hole 1.375" in diameter. The other Fabry- 
Perot plate fits into the sliding end plate and is 
held in by three springs. The spacer fits inside 
the stud rods. Set screws clamp the sliding 
end plate in position and screws adjust the spring 
tension on the three spacer legs for the final 
naralli'Hsrn adjustment. 

The holder has a cone-slot-plane base 
(Kinematic mounting) for tr.e precise reposition- 
ing on the ball bearing levelling screws of the 
stand. The outside dimensions of the interfero- 
meter are 6. 75" x 4.875" x i. 375". The inter- 
ferometer} stand, pair of Fabry-Perot plates; 
«md 7mm, i7mm, and 44mm spacers fit into an 
attractive, compartmented oak ease. Outside 
dimensions of case are 12.5" x 11" x 6.25".   See 

f ) 
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3s* optical arraaaasaot 1c *bowa la Figure 3«   Tbs fringes are 

&i focus at> the focal point of tbe 100 s» colia—tor.   At this pofctt a 

Senco variable iris dtepbrsisa ^ea placed>   A field lute and field stop 

gatbsped the li^tb into tbe 1QMKL pbotoxultlplier.   fbsee served to «u»> 

lnate all stray SKXV light But casting free- the 1—nllite vicinity of tbe 

colli—tor Senoo   Tbs pbotcewltiplier pover supply could supply "*TMri«ae 

voltage* etepwise.   Swov** after eonfcr*«,s of several inrdr«d we 

obtained, it bees— necessary to build a rooen light shield around the 

iaoamjwv, enich was not in e dark rcae.   A vsry satisfeetcry Leeds and 

BwfeSwg 3jssfasj— van svwil*;h3.e s^ the leVtsratorias for r*;*ardiag the 

light ae tbs pre—ure was varied In tbe tank*   Sale lnstru—nt has 

% standard aoalee of t, 5, Ws 80, 50 and IOC Bdtnrcaspares full scale*   A 

8a—on sdc?oe—eter vith 1C sgsA ICC   adcrosaqpe?e scale we* alao occasion- 

ally used. 

A reflaeneQt which has not been added to tbe apparatus as ret 

is a synchronisation between the pressure in the teak and tie recorder 

P*,- chart pejjer drive*   ^bi* ess done by Jaeeulnofc »**' Suffawr' in a ,iscU*r 

epgaxatue* 
few- 

?. isram saxsKifr nMBngugicg - sons*??; ns&cnttios AHD saAcocissiei 

H 
If Velensky gives thai general expression as first derived by Airy 

M fcr tbs frlrge intensity distribution,, 

Hi jt , 

1 (i - RT I • —=-_ slB« I 
&-' <M »**«»ee«eee§     ieaeaw***^     =    »    ••    u     m    a*    ••    w    mm    m    »m    *••     -m    m     m 

v 9«   I • JsncjBlaet and •• Dufour, J. Reefcsrebes da «.5.Bl., Sella-rue, 6, 1 <19*8) 
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lalra assoclatae* i««. 

Am ft - (fttA) |ttm(. 

A plot of tbls agnation la ebovn In Figure 8, wltb tbs quan- 

tities of Inters*:, sertesd. 

9M ratio of tfee anadm&i trsnaansaion to the atot— its defined 

mm tba "contrast" of tba fringee. 

>• 

• - ^= - 1 • =—x - '~ • -Ji (9) 
^        (x - s>*   (i - B) 

Sals factor Is leportent la deteeBining tbs oonaeatratloa accuracy of tbe 

iaateewBHit ^ -or its nKjaaitiirit/ Id asaourlns vary LW ooacentratlone of 

daufcerlua, aiaes tbe 0 l£«bt will be loat in the background of tbe a frloge. 

fba lactoaa Intensity oceara baifvsy betvsaa aaxiaa, *Meh is one of tba 

fk jgiaoipal reason* for cheesing an etalcn spacing aeklag S ajij>ear one-half 

order frees I. 

aBgreasBtativa value* of the ecntsws* are: 

5 Contrast WW 

TO* 51*0 5.8S* 

75* 1*9.0 f.cfc* 

&o* 81.5 l.«5* 

85* 15* 0.66* 

$0£ 580 o.te* 

95* 1850 0.06* 

9 

It should be emphasised that tba contrast defends csiy cm tba 

ref leetlTiiy B and not on tba tranairlaaion or abaorptlon In tba reflect- 

lag liQWa 
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W^Ki we eoas to discuss the reduction of electronic noise the 

offset of the contrast on the ieeolviag power in. the intensity scale «Ai 

1M considered aore c&refully.   X* la tie fluctuations in the hackgrovfid, 

not the background itself, that Halts the aoeyrecy and sensitivity la 

intensity neasureaent.   la spectnaa analysis one plots light intensity 

ver*ua es¥*length.   The contrast has aa ieportaafc bearing cm the resolu- 

tion la tha lateaslty reals,   we now consider the resolution is the Mere 

length scald, which we wiH call by the Halted tens "resolution". 

The wavelength raaolutic.» is Halted by the half width of 

frlngee which ess be obtained*   There have been a nuriber of criteria 

or ess^geUons wad for the resolving liseit of dispersing iaetraaentsf 

hot they *re all about tha case.   Xt scows aoet convcaiaat to take as 

criterion that- tse lines caaa be .jy*t resolved if they are separated by 

total width between half saxlm for either.   This criterion is act greatly 

different fron the weliwcnoun Raylslgh criterion. 

rrcB e^uss^jsn io/ ior \.JJB iru^c Aa^ii«S*»jr i^~^uMu< M W 

easy to show that the intensity £5 cne~half when the order nunber n - 

3* % oca ep. departs rroa &a integer by 

(fia), /« - i^? 
*'*   a«ys 

The total width between half atudJae, aeaaured in fractiona of aa order 

of interference, is Just teles thief and will be designated by 

te - ^ (io) 
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5§5i* qysa&itr i£ tic srssclriag liait Is G* gap? of £3&«ra«ftS»B, 

aa& Is a saaatity depending only on reflectivity, not ©B wraleagtb, etalon 

apeeing, nor aagln of o^srTuttion.   Jaeqpainot and other Frcasfc workers 

la the field cave ftetaad it convenient to define tba *tiaeaee" K e* the 

reciprocal of thia ret© •tog Halt.   Tkte is a convenient aaraaatar to be 

takes «e the figure of writ cf * Fabry-ferot igtarfaroaBtgr^ 

AB reeolrlag Halt in wavelength or TJSVB cuaber la nov readily 

obtaiaed by suitlplylng 6a by the free spe.-rtrsi nmge la «s?si«&gth oar 

».       «.. *»      A X     X 8a       X   ^ X ox-eaA-Tj-- — -sr^fnr 
0            o 

&r - tn Ar« £-£&^ . jju sa • X. 
o 

lo" • tbo order csafcor. 

(It) 

fae "reeolutloa* a» oKdisartly defined lu optical prcbieee la s£v 

* '"" ~ ft X ~ 6~T ~ ^o w/ 

She "fiaaaee" la aloo u Buaber of furadeasaztal interest in tba 

babsvlor of a Fabry-Faavt laterfatrcawtar, feewjee it Is ss^oxiaately 

s^sel te tha aaflwg of laterfarlag beaaa of ajprox&artely ofual intensity 

in the aaltSpl* beam latarfaraaea*   Xa other vorde, tba hems of aumbar 

gtiactar tbam 1 hwe baaa dladtaiahed by auceeseiva raflaetioa aatil thtaj 

a aaajUgfala eoatribatioa to tba aua of interfering aapUtoftaa.   3a 

£ 
*^*.^W^i>^^^^ 
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• 

tla I*5Besr-2ebtk«9 iatarferooetar, for csuple, tbeare as* only * finite 

fflwlir of baaos, DUX; all have unity amplitude, sines they are reflected 

at total internal reflecfcica.   A LueKjar~GefcA« plate arranged to produce 

interference between Just K besae haa   similar properties to a Fsbry- 

Perot interferometer with flaestse I. 

The quantities now vhicfc depend solely on the reflectivity are 

the eontraat C, the resolving 3Mt 5a, the fiaeese S.   These are plotted 

Tarsus reflectivity «n ?laure 7. 

Xn the eaae abere R i» .90 plua or dnus .10, there i« an approxi- 

mate relsiisi bsfsean t sad 5. 

c«o,* a2 

h«   fMKEQ&B OP MAES93 BSFLETEOK LASERS 

file relative abspe cf the intarferenee fringae in the Fafcry-Perot 

depends only on the reflectivity of the lasers.   If thnr* ±m riMow*i(ft 

in the reflecting layer, as is always the case with tola saatallic films, 

the trananLsaion of the fringes is reduced everywhere by the ease factor, 

the first ten in equation (B}«   Thus for the peak transmission of the 

fringe, vs can srite 

since the absorption A • l •» R - *. 

This loas in tranaaission can of course herons serious if 

la operating in an energy Halted situation.   Such is vary Utarty to ha 

the ease of one attempts to observe the deuterium alpha Una from a 

2 
« 
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wit* only a Urn htto&radthi ptprcaxxt Gmxtmrixm-   for the 

MaoBarfe will ba waait to start with IT its line -arortosing is to bt fcapi 

L, a&d fhetcaultipllere have cccaiderably rofisaeed eanaltlvlt? «t 

la Figure 6 1« plotted th» traasabLMion 3L of tha isterfaro- 

for earns**! fixed valuee of the abaorpfcloc A*   Fwtfoviag « 

of Jfceqpdaot, ths abaeiage i» the fiae*#& I, which ea dteeuaeed above* I* 

Tor ana years It baa bun steads^ jgractloe to ati» uee of 

-wresaawted Ratal tiiat for the reflecting layers, m*rxi&u& of eilwer 

•ad of cisatmn.   In thin outs, eae easiwt bold A to * fixed *<relue while 

1 la laereeaed by increasing the thjotessaa of too depoeited layer*   B. 

t; .** :^£ hmsm %^ mm thus fixed function* of the thiekaaes,   tUa 

vmrie&ice baa teas iarr*sxi#ii*d or dlabuesed byi 
 —...  A     v2ft  X •»<•»« 4      »*«_—      . 11 a *    •   •   _»<•—_ 

Ssaee «ra obeolete, being inferior to evaporated silver.) 

John Strong, Freceduree in ifi&sriaantal Physic*; silver sod aluBien la 

the sea end blue. 

deoe, Beita f. Fbye. 100, 95 (1998)* 

5*  *<i I.IMIHI,! .  F3?0C»  uuy*  «uui|   v^v  iJkjrrv/j  «-,iqyf§.i.e*k,  v*X*  wrwwf  IJO^o/j 

Jtigh laaclMfcSaa afractroacopyj Msthuen and eeqpoBy, Leaden* 1°VT.» 

t. Bttfour. Basle* Perls, 1950* 

She valuae tha various investigators find for their practise! 

evaporated layera are not always tha sane.   Xois ia partly dsaa to tha 

fact that tha teeLaiqne of eveaor«ti«*j especially ths purity of tha aetsla, 
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tes a gsasl-JsrsKla effect. How?*;; t&ar-e 6ae«a &o be general ngirmintrri 

on ths value* 5s. the region of sharply falling lnterferoaater traauKlt- 

si«s»»   Bsio 2JI plotted in Figure 9* 

It Is further elaost universally agreed the* silver layers 

rapidly tarnleh, suffering iln both fissase and trensslsslea.   this aaa 

**«sea In a setter of days*   One ease seasured accurately by Sufour la 

shown «B the fitsre. 

At wsrolesgtas *b~ve <*ooo mggfcr&m silver la considerably 

•xperlor to alustewu sowever silver has a transparency eround 3000 

angstrww,. #a that aiiF«5n«« is wueis better la tfc&e segion. AlqdffiB 

In the red is aboan in to* figure. 

In recant year* a anker of icve*ti<pitars haw begun to sake 

usa of a asw type of reflecting ?«y*r consisting of a series of layers of 

dielectric of alternating nigfc and low refractive Index*.. She history of 

this devalopsest is soaawbat bard to trace, since a nuat>ar of Industrial* 

university and goreruaant laboratories all ewer the world hare had ex- 

tensive activity in the various applications of these Multilayer dielectric*, 

and few bothered to publish noch«   One of ib* met coaplete studies with 

reference to these ssiltilayers for IVibry-Faro* Isterferoaetry is contained 

in Dufour'e thesis cited ebove.   The general theory of •ultUayer Inter* 

farenee was published by PolsteT•   .   laird Associates, lac. has had con- 

slderable experience in this field, and SOBS of this work is published In 

cited ebove, and in a report on another contract. 

9 
10.   I. S. roister, J. Opt. Soc. At. fi, 1038 (19*9). 
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Cur first aim*w lemics with the pveesure t\sod lstsrfersHstor 

with a pair of eiivwsr coated quarts plates vfeicfc happened to be 

available,   •ovever, it ess Isesdlataiy recognised that the iasr-essed 

finesse and transalaslon «bicfc could be obtained with the raitilayer 

reflectors eould bo vital to thin difficrult problen of ssaoxvlag I ana 0 

light.   We had ordered eons eapeetaliy flat quarts plates tarn iaile la 

Berlin for this Job, and nhsn they arrived, Kenan, i. larr and 8. gol- 

:uvan of our evaporating departaent initiated anea eaparingate to perfect 

the teebnlojni of •altilayes Jfiskry-^extrt plates.   Sfee first aoperlaants 

wre on ordinary glass plates. 

If one fats an Interfaoe between a hJLtjh and "urn refractive 4s= 

dex, there will alireedy be a considerable reflect ire described 'ay PMMBAI'S 

ecoetioce.   If farther one stacks several of these layers together, each 

vlth an optical thickness of one tgoarter wave of light, the several re- 

flecting seaaa will superpose in p&aee ana toe ret iectivity very rtgaeiy 

<!•».   Qf course a ***ve8 thiskssss *ill 

only a single wrabcv&h*   Actually ishe general theory, checked by 

jUsss   shssss that the rsflactint? i;s Lish and qsgrsssim&s&y sscstast far 

several honored angstroas each side of the design peek*   ^ppreodanta for* 

osuaa «w to* p—i, reflection, awl fiimm mo a i~*ir is «*w la s Senary" 

rarot; vmllw for any au^er u£ layers e^ir 5# "ware suggested privately 

to the writer by Jaeqpinot.   fhese are: 

1 - 3 * -3&/£) (15) !W 
sfesw ftp ft^ «! «s4 «JJ «« the fndlees for air# gi«a«. *H» MJ* e5 *aw 
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Si«i»rariea re«pectir*lvf sm<i « is th» total mabe? of lay***, cat 

vim ng - 1.38, a^ - 1.55, i^ - 2.5. 

Our best revolt* were obtained with sine sulphide nod as oguol 

fiistrare by Molecular proportions of lltislua. eiufidsam end moxm fluoride. 

nis nurture appeared cxpsriaeRtelly to give lasers of Improved stability 

sod jEiSoasity.   Fa» aodlun fluori*e ie «oao#u*t soUttl* in ILO ma& is 

susceptible to haws,   fryolite, a adstura of 3 sodfca to 1 ainrtsun, «p- 

peacs te be popular ftsosg 50SC workers Is the field,   lbs bast ast£8»t@fi 

indices froa handbook values sad fros observation of the psak locations 

atom the Bstarial is used as a spacer Isysr in a narrow bend lnterfaranoe 

fiiUor era: 

i-x-i six 1.36 

esysllte 1.39 

as?- e»3s 

i'bes* are averaged over the visible.   The dispereisn is sot large in tMe 

reg&an.   Pure aodloa and ILtt&um fluorides sere reported by Bobls     to 

hare iadiess of 1*389 and 1.39 respectively. 

Stone and Jenkin* report that it is of sonsiderable inpertane* 

to purify £nS by a pre-eraporatios tfhich praawa&Mjr boll? off any free 

sulfur-   In deposition almost all workers detemine the thickness by ob» 

serving tba rise and fall of transnlssion through a amltor plate inslds 

the evaporating cbaaber aa the thlckncrwi Is increased.   ABanatly scan 

U.   labls. Am. d. Pbys. 129. *33 (193?), 
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P laird Aaweclatae, Xm» 

HBPttoae with a frash turfsee for cash layer, wttUa others obearyaff. tee 
i 

ts%al lasers evsporaied t© this point.   Kas writ*.? bee aagaoated tint bibber | 
I 

aecareesr in this nealtor detarmoation *££rt be achieved by usiag A aaai- 

"KHF ughb «t a differast weve&eagth %ba& that for vhleb tin •rttilagvr 

is Aesicoad; shore one oouLA step depoeitioa at the —~*'TT* rate of 

ehocsfe ef tra&galsslon ratio? tbaa oa a oread peak.   fBsis has sac* banc 

triad carefully as yst* bcfssvar. 

*55l»ias **» feoggtoot gggrcceteatloa to car •simnsl indices. 

wt obtain th* fbllewi&s rsluee f«r the refl-ustiflty to be oapoatod far 

% 7 aad 9. 

lumbar or apart Isfloctlvjty Fiaoees 

A ? 8c 9 it 

7 95.* 87 

9 98.* 190 

A five layer I&bry-Perot plate ptdr would ba perhaps a factor 

of too norm transparent then silver, but ai«fet ba eoMehst aero difficult 

we p»>**.,   **Sw ? *ad 9 layer reflectors *r* ecsaiderably superior to sil- 

ver of the sea* reflectivity*   B» fiaesee baa heroes so hi£h **?« ttost 

tcio flatness of tba plntee will be the chisf Uattatloa to roaeissfcim aad 

SvSteest*   Actually It Is sot desirable to carry tba BMltileyers ta far, 

ae It become iaereaaio&ty difficult t« aaiataia ufiifbnslty in tblchaaea 

aad good optical quality over so assy layer*.   It vu decided to so abaad 

•ad ooat tba bile ojuarts vita 9 layers for nee la tba ic&ssfereaeter. 

Xt was soon agper—ft that it would ba desirable te bare eeeyrabs 

jj) mtrm tor testing tba reflectivity of lebry-Perot plates ia order to 

:; 

1 
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1*3 

•si. 

a 

detamtae whether the theoretical expectations of the anltliaysr theory 

being achieved* Also, it was of greet isportaj** to be able to 

reflectivity a»i flatness independently of each otfrsr, la order 

to deternine vhich was the principal iialtsUon on instrumental resolu- 

tion enA contrast* 

Our first brute force spproseb to this psohlea is snovn in 

Figures 10 aad 11: A tungsten l&ex?,  narrow pass filter, welch photoBBter 

hes4 end wmszt for reflecting plat** «m» cmili into a srigie gygtss as 

scom; This enabled reflecting plates to be interchanged in the nonet so 

repra&ueihly that the relative ratio of the reflectivities of two plates 

could be deten&sed to about ess percent accuracy. 

Again Jacgulaot in the course of his very fruitful visit to the 

laboratories suggested en improved apparatus* This sea described by 

IS aiaeee©   ,   The instruwant constructed on this project is shown in Figures 

12 and 33s   The procedure ia aa follows: 

a.   Measure deflection with no plates equals 5.    (Usually the 

Welch Senslchron is Just set for core density under this ecaditi&i*) 

b*   Then the deflection vith the first plate vlll R&asuro 

HE., (1 - R,)-   R. is Just this correction for reflection at the air glass 

Interface, about k%.. 

e.   The second piste alone deflects KSJ-l - R.)* 

d.   Tbtm vith both plates adjusted in Fabry-f'erot perallallcav 

the Ag&setioB ia 

•A 
U - R4); 

x    where R • ^/ILIL 

JkzVL  
12.   Pierre Giaaaoo, Oaspt. rend* Seeeabox 1992, p. 1*87* 

:«-: 
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laird A«9oelet@Sf Inc. 

Steal solving, 

Ti • sii-nqj 

*f %(i - *J 

.      «£     be 1 -Br "H 

•A-1-! 

or if an approsijwte value far H is terwi* 

€«• 

*-«-§ W 
Son advantage of thi* method over the f o«wr !• that it directly 

iieesures i-3 r**-h«r +5z*a «o    Alt&cugh the other etjuipnent cm'':i raaEasure 

E to i> accuracy, tbo accuracy le i-R could becc— quite 3*rwB, of H rss, 

for osfiB^la# about   55? 

The result for the value d «oc» ssaeuriag through both pletee 

im tKrt*ii2*ru. rfvwIUgr ^s^SS sixties (5) fsr the trEsasdssi^ ef *-!»» fffcry- 

Poroto   the condition fa that tba thiekneea of sepmf»'vi«i and the width 

of the •avaieai.th baed Jo tbs *ultoi mars* msb bs such that ths szzszz 

onrisaion doss not appreciably chts.-je over tba free spectral rangs of the 

interferoocter.   Then one la justified in integratJU&g the iatenaltiea of 

agnation (9) our one whole order, obtaining the result siren,   the eon* 

ditlon on the thickness a and the source width A is 
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3 s-irs Associates, 

*e* &> « 50 angsts-ow at Rx, this prescribe* «> > 9%'.. 

Adequate spacers wsr« found by ewttiag esall eblp* out erf 

celluloid ssteriel.   She instrument «u arrtwiged vertically so that 

plate could be laid uaw»r spacers on it, and ths second simply laid ©war 

tie spacers.   It Is act at all difficult to deteral&e whether ths two 

plates are sufficiently parallel.   A small aperture just larger tbss the 

filament image is laid on ths stage a&d moved until the iange co^Oetslj 
•II 

«;••» t&rscafc it..   If there is a ssizs 2a t£s slKtes. gwit-lala 1««ir l» 
SI 

will be observed* When the plate? are parallel, all tbtee Images will 

jagi thzoyga the apei'ture, which is all that- is required* m 
•m 

Although ths method only gives ths product ef K^EL, «l*U thr«s ,f 
-•is 

plates all three R's can be deteralaed absolutely by asesurisg ths pre-- . -| 

ducts for all three pairs. ~| 
•1 

*!' meens of this s®ps?atu8, ths reflectivities of our 5, 7 and .«$ 
1 9 S^»? pla+ea wes* saagarmd to be 8?> 95 sad §7 psrcsst rasg^actiyely, 

nibxm in good agreement •sith ths theoretical preiieticw. 9 

Seas of the osporlmsatal aultilayer pletee are shown in ths |§ 
i 

photograjph s/aar the Jagtrumant for determining reflectivity, f 

She resolution and contrast of U*« lails smarts platee, as 

United etriofeiy by the refl*etiTity> WK-C ccsgidarably greater thsa. 

was actually obtained la the Fehry«*erot fringes in Is light.   It was 

tlsss wridsat that ths effect of plate tlatness asd source line width would 

hawe to be investigated. § 
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amlrd Aaaoclatea, Inc. 

5s   ifWKS CP HJUOSS, SOOBfl VES/2X JWP APUBUHE SJH 

io far 'the efssldsretlSD of the relative shape, rnoeJatetoa w4 

flcctwwt of the firlagee baa been United to the effect of the rsfXtetivity 

o? the platee*   T* las bee* nwl tfcs* the plate thlaaaacsg t and tat 

wavelength X MR '.<pite penitent.   When thoeo idaei =sadities» era sst 

fulfilled, the dietriVutloc of plxte fliiMH defect* cad of nmvtdangtbe 

is the eouroe any eootriouic to &-£&«• t**a*asiag and loos of contrast, 

iiut cffiMt «f the •!•• ef t'Jis ^SrsaXss? ^gfe=; s£j£srs tfes BbstcoaH £s 

•lOO tO b« «"¥»•!*(BPtd.     It 1« Of iat«?ftSt to Obtain the  MgTt—1011 fl»> 

the 3wSQli2t@ li^n 583figgy "tes«*witv==§ t^r@Ug^ \>om wvins  ~ —°a"^^TTfiBrin' YT j   BOfctt 

at the pest and «t tfcs •tclw of the *Vis©6, for aoloe ooneideret&aas. 

Xa urny optical «jwt«« the total light transs&tted is gives by 

the prodest of aooree brightaeae by the eroe end the —*if"Ur agegtara 

of the eye**", aplti&li-sd by ssy trerieetleelon factor*   S&a ssaet aqareo* 

M'fBj Ira? TJSBI «rMjif>iitfc* eg(MP*sy feymarffrfj^t *vr» *$»• fcOwj^-Sigjw^  i25St?yHSSt 

eonaidared acre is that given by 

///**"• A(t)«J . £K* d* . 1(1, <f, t, f) (16) 

fale triple lattgr&i *j dari^ ;a the following tony.   %• la the apeetrel 

arzgjarvaaeea duriaxootion of tae source.   «f^«f la tttai the total bright- 

ssse la *;be gancat 4C.   It la convenient to uee wave matter rather than 

aavaleagth aa the variable beaanea the gaptaaelan for order asatwwr a la 

Maaar la ware tracer, bet iavaraa vith evroalangtn.   A(t)dr la the csaa 

of the Fabry^arot platee having thioknMs betaaan t and t+dt.   9m <Ha- 

tor&uklee fateftloa A(t) thua dcserlbea the departure of the platee from 

Swi 

0 
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lairl Aao&cietaa, Isc 

aoeaort fJateasa sad semULalxwu   ftr«** la ttea aagultr apartnra of tS» ll«at 

as it saasaa tlrrougk the laterfai awtir.   that la, it la tiw solid aag&a 

asfetaadad at tfaa platea ty to* acsular ring la taa ia*®a ri»ot of tiw 

friaajoa b*fcw*se # cad **de.   Zn practice so agxirtara la plaoad la this 

pSaae as! ti» lt«bt paaaad tavsnsga tSila apertura to a, pfastooall*   tea- 

•l&satlsji la liadtaa* to aeatarad aaaula? rlaga la ertiar to Jawa to daal 

%lta oaly a ona diaaaaloaal iatagral for taa aolid angular ggaatMra*   la 

taa resulta ara aqaally ala^La *ad gaaaral for any aaaolar ring aatamding 

rM «j re e^. shs oea eiaenaioaai integral la t oalag tofeaa feats*** 

llalta.   Tbm flaal footer I la taa txaaaslaa^s rsS taa isriarfsrc- 

Ji aatar* aaish bia been prwlotsl^r giraa la abaction (8), bat skieii i» 

raorittao la tanaa of taa varianlaa a aad<r. 

X(l. 6, t, ») - 9    ^-j—— 
* T a ****     l>ws/ 

*L la nearly earn for au?.tllej*»* rwflactora (no aacxusfcioa}, 

to •  —it 

a - 4tt6~ eoa* <& *itf(i - |»ft)       * «i 

Swra **e four aasra or laaa sharply paafcad olatrlbutloaa la taia 

trlpLa Satagxel, taa atmOaagih dlatrl&utlon» ths fXataaea &Utrita&laa, 

taa rafXaetlrity liajtafl fringe aaapa aad taa aawtupt trnmAMtm* afetefe 

oaa aa ooaaidarad aa aa idaal aajaara aanra filatrtbtfiloa la ••   flaa viata of 

aaefe of taa** llfto-iScfclcas aafcac ittooatrlbatloa to tfaa owarall fringe 
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Bafai tmaoe&afrm*, lac. 

width.   It is the purpose of this Beetles to osiiter with con* rigor tbsse 

rdstloas. 

The source >Hag» in dsiersdaBd by asy fine line structure and 

by the Dossier broadening*   h tmi rmmv** oa the flatness distribstian 

•vex to be la order.   Thnw ere certain sisgl* typ*» of thickness defeat 

i££Ls& Irs* to slMf&t «n*Aytieal distributions whlen can be eesiiy treated. 

First; there esy be reads* roughness of the plate* ess e rather eaall 

sfcsisassjglg msm^Mf mm te tzs, ggMgfcnesi of the ^"f^Tg process.   It 

•ease reesca&bls to ensues that theee defects have e Qaasslaa distribu- 

tion.   A eeeend sis©!* typ© la « wedge. i*e», a departure frott parallelise. 

i± the aperture which Is utilised Is so<~re, It is obvious that the dls« 

teieutlon of thickness in the wedge is a aauare wsre.   fhsse twe type* 

«xf distributiea ere ladieated grsfMcaiay la Figaro 1%. 

Xt is perhaps tiurprlslag to f lad taut the dlstributloa for a 

^sto^id spSiiuriwiJ: error* vhiaa is a eoasnen fls&aess error; when used 

with a eli'sular aperture, $9 likewise a square wave* thus identieel la 

shape to the previous ease. 

Tfc 4m nf mnaldergb?.* OOBWBBlgBige to MaJBB a chfi3@tt cf tJS9 variables 

of lategrstica la the general f&yauia {I8)# so that thickness, wave naa- 

bear «B£ mig^T v will bit svuuswl t>w the maamt uuMnxilOBB ead Can be uuissidered CS 

a mmr< Lsvel.   The JsrdSsr nuafcer a of the latsrfereaoe is ea l&atil ver- 

iabls for this purpose.   Ve write 

o 

r-c*** a?) "O 

# . #e • •« 

JBWSV:1 
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FiGURE   14 
DISTRIBUTIONS   0?  SURFACE   DEFECTS 

I. GAUSSiA•  DISTRIBUTION  OF  MICROSCOPIC  ROUGHNESS 

A.   dt = FRACTIONAL AREA 
HAVING THICKNESS 

BETWEEN t AND t + dt 
\     /A(t)dt«A» TOTAL AREA OF PLATES 

t * 

• 

2. WEDGE OR SPHERiUAL DEFECT 
t 

r 
A,., h 

J 
t-Al«i 

T 

a WEDGE ^ 

•••• 

b.  LEMS  DEFEl 

c 

AREA OF PLATE HAVING THICKNESS BETWEEN y  AND  y + <iy * ETTxdx « ZttRdy 

FOR  SINCE   » « •g^r.Rdyxdx 

R t RADIUS OF CURVATURE 

NORMALIZATION:   A»7Txm
2«  27*3^,. 

A(i) « -;*— 
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vnasra te? (jT «ad #Q ant tb» •RTSTSS© TS&KNNI of tneir retpactfcra uatarsva- 

tSc»«; «sd taa prise* varishloa are the assail atorlatloaa*   Sfcaa tta* ax* 

p~**a»Ion for &. to tbs first cardar In ti» saall Aavlt&icss, 

Mt0 * f >«; • <r«)fi - §<«0 • ••)*] 

aaich *• writa as 

a * n, * «L • a*- - » 

latro&aclas tbs varlabiaa a ss the *iulv*Jasrt oa^&ar Brabant of the ^rarteaa 

asvKiiiona fro* &.   Cat 1» 

a. • 2utrt' 

a<r • Si*t ffs 

a   - &»ff t « »' 

(JB} 

VHia efcteags of Taxiablea la than Irtrotoced la equation (16), giving 

I - ~    )    f j   J(ttT)oV . ACatWat . «afc . X(R, a) (19) 

It la aaaiaiad that tfcs dletrlfegfciona J asA A bare beaa ra* 

with a aa variable, saiatalalag JT(r)4<r- r{nr)dfl<r ana 
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Iniiftt imot&M&WM Xae. 

A(t)dt - Ml^)*^.    tfcl« WNg^aiM 
! 

A<V = ijnr 

r 

i 

t 

In. 

S» tripla 2&*4gral still n— fonddabls.   32>* lnt«srstloa 

o»a bs wwmi until last, sine* t&s disteribnaiaa is slsays p*s£sotly 

Sfssra save,   fans for ths distributioa of sasrgr 1st ths $lsas of ths 

1 TiitJHj  CSS hss 

"a" 
I -f^^' V*fe   •*<*• ») 

One iatsrsstiag ooaolasisa say sir—f» bs stctsd shout ths dis« 

tribuUioa 2a ths sasrtw.   Sloes 2(a) is psrlodie sad rspssts exactly 

with omefa latsgsr, ths total sssrsy passed tbrcusk say snarl ar ring is 

2»psn4sat eely oa the fractional Tales of a at t&» two sdflss of ths spsr~ 

turs,   flat i#, in tba aulti-riassd pattssa of IfchrjHNrot Tsia&m, ths 

totsl SBsrgy la aacfc rlag is tbs ssas, although tbs disaster sad vidth 

of tas sueesssira rings vsry as oas BOWS out from the esDtsr. 

r**ul* is slsply out t& tils foot -east tas srsa la tas iases plans 

atlf T*— points, for ercuvlc, is tas ssas for all Tiags. 

If ths width of tbs J sad A distributions is oaall ooaparsd to 

tbs vt&ta of I(n)# we obtsia warn sicsrtswly tas results stated ia sa 

sarliitr section for ths refls<rUvity United oass*   She veins of 1(a) is 

tfctei friwiiibly ooastsat omar ti» rengs of rtrlatlm of n< snA n^ sad OK 

lntKirslc are aqparahls. 
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Ibis integral la found ID Pierce*S TubiH, forsula 31**   3M result is 

1 - *8 - 

n° 1 
¥fears 

A * {ACn^d^ »J A(t)dt - area of lnterfereaete? pistes I 

1 - j Jfdf •» integrated line brightaews | 

1 
How it doss not a«ttv»x how narrow these distributions ssiy tm, so long as 

tbqr ars narrow nth reopeet tc I (a), the fringe energy vili still bars I 
1 

the saaa shape sad absolute velae.   Zt is further clear that the epevture 9 

aay be opened up* with txtemmm in the total peak essrgy ssl without s 

decrease of contrast; until the psak energy begins to fall off.   fbat is, 

•• tha proper aperture ia the one which Just ebout subtends the half *ldth 

of the final frlagee.   Tbe rigorous integral   of Ifin for this tpsrture 

gives: ]?&n_ and the contrast is reduced from its pss* value by ?. | 
..-.--,---«.-----•---.-..--------» = »-- j 
A   Pzoof 5    The integral ia 9 
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! 

•X ten*1 (>/STT tan sn ) 
^ 

-#** 

For hi^p val«i« of ?.; §6u„ * 3£JS<« i   nd tan e ->*6.   Jtaaee the integral 

is given fairly eloeely by 

i 

^•ttt4^ 
;^R 

3.* R Pros 5 - 80ji to R - 100£, S-» It very clows to 1 (within .01).   fits 
2,/f 

sagl® v£oee tangent Is *»e is s/4 radians* Sense 

J  xan^^Bi^ 

TJiao the absolute available energy tad contrast for Kcnechroaatic 

ligfet snd fist plates is 

I - fg*AiJ *-        sgAlA 

€ - 0.51 K* - °*' B I &n   » a Cao) 

^ 

,-. 1       l-R     1 - R» 

Thus one can iaprore the contrast j, but at the mgmm of energy 

by inffTsatmiftft the reflectivity toward unity*   freutually of course one 

Ktwt reach tins point wfetre the reflaetirity victh 6a_ la lass then either 
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the source width or the flstaeee defect. It is* of iatsfest to ta*estlgste 

this case. By a »lKH*r arguacat to the one used above, It is evident 

the* only the wider of the two distribution* will bo of istereet. In our 

esper latent*, for exaaple, it is fairly conclusive that the aouree width 

i* the Halting factor, about l/l£ order, the plate* being fit* So att 

ieaat 1/60 order. 

The required integral for the total energy la BOW 

8 • ) V»a ' ^ J 1 | *»*•>** *<>•-• =) \ *». 
sysrttare      apertureI :L- 

Ve consider the CAM. when the width 5^ of I(R, a) la ancfa less then the 

width §£.- of J{e<j). Ve integrate the sspresaloa la brack* L* for two 

choice* of the aperture, nrat at the peek, tt*a at the BjaiaMS aidwsy 

between fringee. First, at the txmk, l(n) varlee rapidly while J rssain* 

constant. Thus tie bracket Integral becones 

J(nJ   j I(c,V 
whole 
fringe 

But eSace X(n) he* a peek of unity s&d a half widta 80., thla last late- 

g?sl hss ths aivroxMnve value oc^. TUB .fringe ebepe ie thus v, ibs 

aouree shape. Thi a tin* the aperture sight aa well be opened to the half 

width £s = £aj- of the iuiifvv, and the peek available energy haa the sp- 

profldaate value 

w^^v^^S*8* 

i 

esss***"*'"** 
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r* ffcia Is tha asea aa obtcftasd la tha prsvloua esc*. 

At ti» irtnlMM of tba frlaee X(a) eiM|M *«ry aloiOjr* as the 

braclwfe Integrates to 

aj J(^ 

sad 2^^ • 1/%* «n - Iteal r«rUetlT4ty Ualts& soatfast aad th« total 

for s&ss%s?t SSL • Batf is 

ths affsctiva uvutrast is 

Tftoa tteo reflectivity contrast la not obtaiaed whsa 6O_ < let*-. 

•oaciuelcpc: 

(1)   fho total energy in each Fs^ryferot riag 1* tiw aaas» 

<t)   5t» total poak fissrgy la la absolute Talne spproxlamtsly 

o © 

9 » amwrc* 'orifliiaM*, A - plats ares, -r^- = effective •olid eagle. 
e 

£9}   If tas frlage width la purely reflectlrlty liadted, tte costrast la 

• -0.%./   , ^-1^ <»> 

(a)   If tba friasa la •cures WWtfa Halted 

t - Q.k Vr i «V - §f - 35^ (*) 

If flataaaa Halted, rs^laua ILtgf^, 
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(5)   Given a &?T~* lim width? **» opti»n resolution, energy and contrast 

are o&hleved vhau tbi plates er* «t Imat the sans flatness ar better, wd 

the r*fl*ctlvity en& aperture setting saftisfy 

*R 8a. a En 

6*    BlOO Til TUSSJSBB Of FASKT•?SROJ FLASSS 

Afe the start of thin project there were a matter of quarts plates 

available which had been prepared by Mr. Wag« Ssrgbol of Arll££tco» Massa- 

chusetts.   Mr. Inrgjtasl reported that at that tine ha had no facilities for 

titstiug flats to bett»? *w 1/30 zriao* ox light; c-ot that those pLstse 

ware at least tat- flat.   Inquiries were a&de ox amaroua eoureee of quarts 

fists.   Mltgor in England ssd Sails la Berlin thougHt that thaar plates 

were flat to at least 1/75 fringe.   Two plates were ordered frsn Sails. 

•Sac ailgar plates were considerably mere expensive. 

It was consi&srod desirable to be able to test fists la our 

laboratorta*, in order to t-st the elaias of various predrawn*, la order 

to detcradae to what extent the Fabry-Perot reeolatlcaa would be Halted 

by flatneee^ end further because It was felt that the local sggglie?, 

H?. lergbol, could sake plates as well as anybody If he only had soae 

There are a siatter of Methods for testing flats which hare been 

described la the literature.   Almost ell are based cu soae form of Mul- 

tiple beea Interference fringes produced whan the pistes are eoated with 

highly reflecting surfaces sad counted with a wary alight wedge between 

J| than,   fwo slaple optical systsas for ohsesnrlag thasa fringes are sketched 

0 
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ia Figure 15, ana in irecaaise&e sad oo* Is reflection.   Xa treawatssioa 

•areas* light fringes on A dark haoksrouad ere iproduaad, sad ia refleetian 

ttarrow dark fringes oa a light he«kgrou0d.   Che treaaalasioa Method aw 

eoaafdered alaplsr et*S snde W of. j 

The first tests »«rs safe vita silver oostad plats*.   Sks frftaftee 

were too wide for accurst* dRtszadastlsa of fletaess*   tjgleml results 

are Sadies&sd la the photograph of Figure 18*#   SSs viS^h of these triages I 
—atisl to he about l/lQ tha fringe saBsratlsau   BMSS is little ©fcs**v- 

able departure froa etrelg&sess, hut It sodd ha hard to dotoet hst&sv | 

**KS 2^25 friSgS Sltli Suuu WA&B triages* 

<%«» «*" the *eet discussions of the esaditlons to ha ssi to , 

* achieve onznr fringes for plate tarcing purposes is found ia folaashy's 

"Multiple Beau lataarfaroaatry*.   It re*t«iree ejaltlyla hooa interference 

to produce triages nerroir wit!* reepe-s* to their sogsratloa*   the fringes 

aX - %it eos • 

Share ara three variable* (eetiusiag i& constant)* t tha nlate mmmrmttrm. 

jp a the angle ox observation and V the wavelength of the iUuataatloa* 
If- 
I If t sad X are held e*mg**m m have friagss of ««BS1 iaalilas- 
W 

tisn.   fiass ara tha raory-f«rot fringes, with rt&ch aost of this report 
ft- 

Is ooaeernad*   2* traaawtasloa vanes with e nod tha fria$ss» ««• thsra- I 

fora foauasad at infinity, i 

ft  ton* of tha early work oa flataass testlag at these laboratories is 
reported ia detail ia as earlier technical repast* refaraaaw a. 

• 
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If e and X «rs hsl£ constant the MM* fringe-intensity diatrSbu 

tion results (equation 8), InA -toe variation with t is ofcmrved.   These 

ere called frings* of equal thickness and the fringe* art feoasasfl ap~ 

proxlaataly in tha plans of the plates*   The»* are tits fringe* than that 

ere useful in observing the flatness of platen 

'Sse third type, with t and • constant, X variable, Tolanaky 

fringne of equal chroawtic order. 

Actually, in ths pressure tuning nethod, the fourth variable u 

is used. 

There ere four oondltions «liich sust be satisfied in or&ar to 

obtain the sharpest fringes. 

(1)   Ths fringes cannot be narrower than ths reflectivity Halt 

discussed above 

iTJ- 

?*£&<•• 

V 

(C)   The absolute separation between the pieces oust be kept 

vnotf avail.   Thin is because of the wedge introduced to produce the aeries 

of fringes eeroiis tl*a face of the plate.   As e r*9>ilt the phase change 

for each successive be«u in the sultiple interf«zsnee is not the sens, 

aa in the perfectly parallel case.   Bjy detailed consideration of this 

effect Tolanaky shows that the absolute plate separation aust be less than 

1.5(COfr)* t<—?- 

if; 

$ 

where I is the mater of fringes per eenfciaater across ths wedge.   Moan 

there Is no wadgs (fabry-ferot) then t can be large (i.e., Z is snail). 
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(5)   *bo*e it was statad taai • is to ba cocs^a*, i.a.* nemL« 

Xel light.   Ihw dataUaA oot^daration aham «a* tb- eaUivatios anai 

ba at laaat 

isfe &t«, "W 

(h)   fts tourca vid&i aunt ol' aourao fee lea* thts tba *«£*ao^ 

tlvity viteb. 

£s the first attaagtg the principal difficulty ana «it& the 

poor reflectivity cf the ailTar.   tMe «aa raweftlad by eoatine ths Sslls 

plates with nine snltilaywr filae, having a reflectivity of abeet 97*« 

«&« give* a theoretical fringe »14th of .01 fringe**   tte other three 

ooa&ltlona war* awt, sod the fringe* ahoen in Figure 17 ear* obtained* 

Sheee ere by *£* optical erracgasHat of A, FS^srs 15. 

3baat ms^a ears Quite sharp,   Zt aaa eetlanfeed tbat tb* 

tl&tii aaa at least 1/80 flings.   On ttaa criglccl plates fiaa alersseople 

lrigglee ess fea detected which ere presuBsd to ba ttm axsroeeopie r?oag»- 

seas of tba plata.   flhe central portion of tha plats seen* to ba flafc 'to 

•§?-• around l/SC frlnaa.    Chare la a sroneuoagid mnpd£ne of thm MBM 
#' ~ " "~ 
i? 

tb£ adga of tba reflecting layers. *feicli ware about 1.* inches ffiU—taap 

«« tba t Inch pletae. It ia sot kaouo whether this rounding off la dus 

to leek of plat* flatnese or ebether it aey ba oaneaA by non-unifsarudty 

of ths gwgsrsted sultllayere.   Further study of tba uaifonatty of laying 

a;. j§ dom Bine dielectric layara would ba rwjoired.   Zt aaa aridaat 
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that floor the central portion of the plates, the flatseae would be lass of 

• limitation on the hydrogan-deuterlus esaiyeis tiwn the actual vlOfco ef 

toe hydrogen line* in the source, 

7.  nnonon 5La»«anc siafwi^o-acraB 

Sfcs vos£ ca t5e testing of HctMN isd reflectivity Is the F««*- 

Feret plates vaa now convincing that the resolution vac Halted only by 

ths sstunl source wldfc*.   Vhet ves being observed WM t«« Suggler brstsdaned 

*••'• 

1 

» 

J 
3~;- 

***-* structure of the* Kr Una, the source broadening be*»* so large the* 

tbe ssvan actual fine structure conponents   vere observed serely ae two 

bree& lises $&t barely rasolrad, list is, aisniy ov«rlB53*r«« 

it this tiaa recorder traces as Indicated la Figure ifi warn being 

& obtained*   25e contrast, tost i*# tfce ratio of the peak S Intensity to th* 

•tot—i 3-frisse intensity at the P position;, sas shout 2*0.    COark current 

and rooa stray light vere of course subtracted out*)   She casple for Fig- 

ure lS uae prepared to appxmiaately a deutarlus ecucontrat len of O.^t, 

§| and the ratio of the P-li£ht to tin 3-llgbt was epproadte3t<iily this value* 

|T St was apparent that furfcisr sissifiAent gain* la pushing the 

concentration sensitivity to 1 ear deuterlun concentrations vould be ob- 

tained only by improving tha «il»ctrnBl-? tedoniqpie of reading the D peek 

4k-  «. v~. -w •—~:-y! f     «^j  jjj . —ssh SltUStlSCS     St   —  C?J— 

Ylous that the background itself, if it vere constant, is no obstacle to 

infinite sensitivity for it can be Merely subtracted out.   Wat will ul- 

tiaetaiy Halt the sensitivity Is the fluctuations i& the bnesgroand. 

ZhaoratlcalLy, if one eould iliatosfee all other scurces of noise,, the 

SL  ini fine structure end Soppier broadening of Si and 10 are discussed 
In the preceding Technical Ssport under this eontraet, dated Ally 1, 1953. 
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I ultSaate liait would b* set by the shot effect fluctuations in the elee* % 

trone eedtted froa the cathodt of the pfestosultioiisr. 55&e aesnitu&e of 

this effect is well snowA 

The m fluctuation s>i» In the cathode current ie given by 

-4tf 
where I.   la the average cathode current, e the change of the claetroBj 

andf'the tiae constant of the overall Aetecxor-inaieator.   the cut rent 

1^ can of cesaree he expressed as the product ef the available lijht 

rius f by the absolute sensitivity 6 of the fhsto-cathode, and besides 

these two factors* only the tlas <»a*i*£?t isflMssumm tic* s~l** lsrsi« 

Thus one can increase the signal-to-noise ratio ceiy hy increasing the 

Xi^Sst f&uac, the nboto^catbode sensitivity or the tisne constant* 

iff1  w*/fe i-A-KT-ft^ •1    JL »   5  -"•'- / 

pfc- 
Za the photcanltinller the gain 3f ths eyncde stags* is sinple aaplifi- 

cation of the noise and eigoal by the seas factor Q,  ao that the signal* J 

to-aoisc is not changed In the saed* current. Severer alnae ths csthoae 

f current is not readily zsensured, it Is perbaps convenient to record the 
.If;' 

1; noise Aquations relating to the asode current I.. 

f° 2A *X) 

*A      f Vf' 8 
s 

a Sea, for exeaple, R. K. Engstrea, J. Opt. Soc. tou 2£, SCO (1$*?) or 
H. 0»B. ferpenter, J, Opt. Soc. As. UO, 885 (1950). 

I 

1 
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Shis has the «eas> aqaerioal v*iue as itn «$?assioa obtained 

ebors* but It Is usually laborious to a**ms"3 the pbotoaultigiiar oatac** 

tturreofc and absolute sensitivity.   With the last apwa*m one mmt 

eebiuute the gala 0.   A rough value can be obtained free the MA hand- 

book,, hut too sareh relianae should act h« planed oa it because of the 

tremendous variation la gala frcai a«a>l« to eaaples 

The above expresalona for 3/l assuae that the satire suraest aon- 

sirtc of tha signal.   When thsrtt sro extraneous currants added 1*> tha 

sloaal; stash «s piKtonuitipliar dark currant er rseei »w*y £i$hi« tha 

ahesre expressions for s/3 srs te toe taalti^i«d by ths ratio o*" tha signal 

current to the total earraat. 

Tharefore the photoanltlpllar aad recorder aysfcaai aara critically 

investigated la order to detaralae tha Uniting aolse factors aad tha ul- 

t£awt>» i^ajsastrstisa sensitivity which could be obtain Is lytsafsn* 

deuterina detaradnationa.   The hope was to lie ahia to reach the detection 

of the deatsriua existing la ordinary water, aaaely .CBLB pereeat. 

A first difficulty appeared because the aezSsiS! ss»le sensitivity 

of tha Leeds aae" Jforthrup Speedoaax being us ad vac 2 sl^?ssr<£k«reB full 

seels.   This atrip dimrt recorder la "deasr for deflections lass than stout 

0.8 percent of full scale.   With thla scale aad 1000 volt a ca tfc* photo- 

sultiplier It was .Just barely possible to observe fluctuations la tot traoec 

Therefore it vaa desirable to increase t&e sensitivity of the reoordlag 

systew.   This could be done la tvo vsys.   The photonultipllar voltage, aad 

hence ita gala 0, vaa increased*   Soon the safe Unit of 1*50 volts was 

reached.   The input circuit of the gpaedseas ?ss investigated to aae whether 
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Its sensitivity could fee increased*   It was f v%ad that a siaple change 

would g2.*re us a factor of i, or a i adfanwajs rn full scale setting.   Zt 

cgpnawid that any furtliar gains would 1M tias*Sgssagsg Is that the cstlre 

coupling and *T««»g input network of the recorder «oul& have to ba ooav- 

pletely redesigned. 

Although we would have preferred to bo able to go further with 

the increase of ezixx, c<Awiderations of tias and eaqpsnee precluded this, 

in view of tbt fact that with those si^l* changes fairly considerable 

noise ftuctusticas vere now detected.   Sheas are shown 2a figure 1?. 

f**» first tsrsr-9 aas-ws a current of epj^tuLLJS&tely w.75 aicr©* 

«^«ges ou the 1 sjcroaryrre scale.   This current ws* derived txm a dry 

battery tad resistance and nova that there Is no noise Introduced by 

to* recorder.   The recorder ale" shewed cc dead upct or overshoot within 

0.2$ full scale.   The nesn> trace is a light signal froa a tungsten leap 

operated froa a storage battery* which is ks&m to give s highly stable 

and noise-free light fius.   She gradual drift in current nay be fatigue 

&f the photocell*   At esj ZmU,, the noise fluctuations ore fuite lasqge. 

Ssa sneeaadtag tr=-~* sh^** tbe reduction of this naise whsn the tiss 

constant of the recorder is increased fey eiaply connecting two d i*f oil 

ca^acitcrs is gag&l I s3 across the fesgut leads*   She effectivs iugsit. re» 

slstance of the recorder is about 70,000 chum eo that the tine ooaotent 

can be estiaated froa the RC value,   itith no external capacitance the 

tins constant is about 1 second, being Halted >»eth by east Internal 

city and by the inertia of the actor-eervo system* 

JC^ 
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8.  row!, SVAUJAHOH or FSR'OHKUMB 

Three other sources of ssiss wcrs nst«£ at various tiaes.   Varla- 

£':.' ticca In i»i»RM«^iltljsll«tr gals das to line voltage fluctuations were prae- | 
I-. I 

tically tlHG±Mt«d by use of a Sorenson voltage stabiliser. | 
§£'•'' ' « Stray room iigLt becaae sigoifiesat when *tt«apting to wnm 

low concentrations.   Most of the light reaching tha photCHultiplisr se*»ed 
I 1 

to be froa reflection off the vacuun chaaber holding tha ivt^eroacver. 

The unwanted Utfbt reaching the pbotc*ultlj>liar was raiami, to a negligible 
i 

jauunt by F«2ttlag tha phctcsiltlplier la a long box tdtfc a variable ixla | 

just is front of the interferoaetar focussing lens,   fhls iris also sett* | 

at the Halting aperture for the Fshry-?erot iLaterfereaeter. J 

SB* misrvvm J exciter used with the leap «M also ©pwfeted £x%m 

a voltage regulator but ths Hagaetrco output still had an occasional dip 

v ufcich results in a sharp interalttant pip on the recorde? tir*e*.   fhis ddee J 
m | 

not Interfere seriously with ths nessufeaenta but is certainly not desir* 

1' sate. 1 
®" •! 

After the noise reductica work a seapla of ssgsxatisf.tsly 0*09$ J 
Si J 

5 Kti prepared. j 

Two limitation of the quickly aitseabled eguipaeat used for j 

thesa prellajaary studies becaae sspsreat. First the lnterferesster j 

spacers are 0.65 BB thick. This gives a difference in order between Rat 

sad 9a of 0.5* order instead of the difference of 0.30 ardor necessary 
W 
g to put C annual at the I ajnlwau   For sn 0.05$ coaoastration of 3 and 
I 
t a contrast of SCO the ratio of a___ to kL.. is 
§?-; snl       BQXA 

1' *m 



-V 

t 

- 81 - 

| Beird Asaoeie&ss, lae. 

^rin        iws 
T56' — 

Sines ths I firing* iacrsass* toy * few paraeBt 3**r its adaiaan «t ,94 the 

D Batista is seta «e Just e bulge en the aide of • sloping lias*   8iaos 

the control of pressure cnasgs is rather crude th» raeor&sd trans* ar* 

sot linear wiiii pr«£sur« (or order)*   She rets of easass of prassKra ess 

canoe tax irregularity is slops afcica sey be dleeouregia&ly etaller to the 

0 asadaEOB ss in Figure 20. 

".ft* adjust&snt to parallel!** of the inturfsroastsr plates Is 

deeply related to this difficulty*   The parallelles of tas piste* is the 

only factor affecting the contrast which ie likely to change la tin short 

ft tias of a few days or seeks.   Bsaide*! tae obvious affect of aakiag tae 

**ma/%A& r*t4° *"*13«v It slso change* the sbtpe of the fringes apparently 

ia a way that is act helpful*   The trees ia Figure 80 ass for a eoatrast 

of about 130 sad a 2 conee&tratioa of O.&ffk.   ffe trace in Fs^y«e si is 

for the saas coaditissas asoayt tlsat the lstarferonstar had baaa adjusted 

so that the eoatrast was 210*   Sara the £L^ can be seen quite easily and 

*a*x^Wx ** *bout 0.05^.   lowwv*r the #lo©e of the E background sake* 

the aaaawresast of the D peak roths? difficult.   It is definitely of great 

iapcrtaaca to obtain ball spacers of the exact repaired thickness.   A 

aunifacturer will probably have t& be asked to asks a special, run. 

there was not enough tin* to sake a series of runs with natural 

water but ess test sssas to ladiesta that tas 0.016* 0 eoaosBteaatics ia 

| dsteetehle with the present aqjBdgBsat sltbough it oaaaat be 

|_       w yi^ Bjgfa aoeuracy. 
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9.  OCMPAKIBCB or TS MKUCSXSSS O? sissr-fSBa?, o&anB, rune JOB 

K&ABXZASXGfl AJftWWtKMHWI 

In aralusting »\ variety of Sisparsing iasirmyeta tor CM la 

sysoteo-tianinil analysis, on* of taa points of iatarsst will bs tbs r*3*~ 

tits liaSst catbariag pong of tbs various isstriBuaits,* sowtiww eailad 

th* "Sartaoolty.   fbis is psrtisularly trus wbsn ess wi»h** to asasars 

quit* lav sosseatrstlcas cf m sXsnent la A sowes nfeiafc i; iabir-eSly 

not particularly bright, la ottwr wards, in as «tar*y iiaiwsi aitssiLon, 

3§ss lss£ss«ity "«y tboa dvtaraia* snstbsr tbs alsctoreala noiss is Uii£i*4 

tf tLo phctan •bat aoiae. or toy amlaan originating in tite db**«*M,-My»M?i*1* 

eosfeination, 

ft* gntral foranla fcr t&s wwrgy gstSiwrias powtr of any opti- 

cal nystoei in 

«bsrs B is the source brlghttteas 

A is the are* of the option! besrs 

<D Is tbs eoiid aognlar divergence of tha bass 

9 is tbs relative trensnission of tbs .'srstee* as Halted I y absorption 

©r reflsetlca* 

Shis foranla will b« applied in torn to tbs Nbry-Psrst 2ttt*r$ero~ 

•eter, a grating spectrogi'ttah, a pries speetrographj sad tba pclarltsticfi 

Interferometer.   Sines S refers to tbs source* and say ba asswsft to bs 

tbs earn for aospfsfting dlspsrslae elanests, tbs figure of asrit of tba 

dispersing staasts will bs tbs luslacelty, defined as 
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Tide quisftity *ill basre the diae&eiona of area* 

The laaincaity of any inatruMst will &sj*e£ eg tbs rseoio^ian 

vfcich bee to be achieved.   I * *tll be aesuned tlwfc the problem reoulre* 

a rouolutlon R * x/&*> end t£st sll the source snergy As in « bcart rtHif 

than *.. 

i.   Sis Febry«?erct Xatt*¥foree»tear 

She work of calculating the spsrture ant Iraftnositgr of the la- 

gtroneat has *3j«**f been perrcs'sad in the preceding section*   ttoe revolt 

for the total energy passed vas 

it* Al 

jbwrror In an earlier section of this report, a I sw focal to be the 

reeolntioa R of the aystea.   Jfeece the iwlnoeltj- of the FaS»rHParat is 

glTOEl by 

J^ ^£ 5§ (89) 

note:   the rector £. • 1 - JVLW) la* '~"*m **** outi ^ tia aswnptiojt the* 

nan-abaorbing lauiiileyer- reflector* are usad.   for ei^ver or et&er ab- 

sorbing reflectors thle factor shoal 4 be Included. 

e«   Sfc* Orating Spestrcgr^h 

for the grating epeetrograpb the solid angle of the grating aa 

earn by ti»» exit alit ie 

* 
cos r 
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share A   is the art» of the grstisg ralingc. r the «&£!>? ©* dtfffc&afeien 

s&A f the foosl length. 

The txasaKlssion factor odf tilt p*stlag varies oansidsmfely foe* 

gjeniiag $© g?sfel3g; and vlth wsleagth* order, blas«; ste, but for a 

properly c£»*an veHjfclesed apwtiag sight eull» fee shoot 300 at B s3$hcu 

P» «£«•& of tbs slit It of course sljqply its viAth tlass its 

length.   f!k$ viftfch is lisit&a fey the -lasolBtlon 4«*l£ed «*£ the djspsr» 

slon.   Efea dispersion is Given by 

nQ>.. •• a(sisi 1 + »In r) 

ft.lA.   §   ___ _ 
E"F5?"fi;e08r 

abase r is tits angle &S diffraction^ &   is the order rafter; s is tbs 

grating lias space constant*   To aeaiega resolution B * x/£*.# ss sost vm 

a slit sidth 

<BC * i & * s a ssn? 

n x/e can be ellMnated fey sa^na of tha grating f«esiil« above 

^t . | IMS * • •*» y# 
B cos r 

fas length i of the exit is eoasKXuy of tha order of i inch. 

It 1B limited usually fey the fast that above or below tha plane of tbs 

Sswland eirsle, the aatigoetic insa&a lines feecaua not perpendicular to 

the Rowland aJ^da nor parallel to th* slit.   For this reason Fastis 

devised a type off grating nonet originally propoaed by Sbert with circular 

19.   William 0, Fastie, J. Opt. Soe. tm. ]•§. &a, Ski (1992). 
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*, 
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ft* 

rmthtar the* straight slits, with entrance slit cod exit slit ay—tariaal 

with r-jspect to the grating, in whieh the clit length could te Ifcormei 

to i inches and more **itb3Wt o**i«Be*isss trci&le*.    Bance te« final re* 

suit Ster the luminosity is 

T   A   , 
£ - i&ff » -nr* f (sin 1 * sia r) 

this result is Its* than the luminosity of the Fabry-ferot by apprcodssvtal?' 

l/5f«   Ordinarily one raOd esgeet shout f - fco" (1 ssster), 1 - 1", or the 

grgtlsg is stout l/COO as fast,    As pointed cut above, astlgsntisa usually 

.restricts the slit length. 

3.    She ??i^a Bpeetrograssh 

In the csss of the prism the oerivetion will hz cdtfced.   9ut 

in ths cane of adnisMca 4«?iatle&, vhicfc is a eonditics fear ssaxjaaa iuein- 

oeity, ths result can b* vritte&u 

2A^» IK SR 

#- 

.ft 

•Pbe luminosity is agsln limited by the slit lergtb factor, and also by 

the final factor depending on the dispersion of incest,   -The area A     in 

the above r*».ilt is the area of one of the faces through vbich the light 
K en lUieie^ Sjpic?! TEIUSS for the dispersion factor ~ g- are betveen 0*1 

a*s& 0,01-   Bo absorption losses are included in the above fosflula. 

e.   Polarisation Interfeatsseter 

la the last technical report submitted umder this project 

(dated July 1, 1995) en Interesting SastruBsnt for separating I and D 

light mas dlsffissesd; based on the dispersion of birefringence.   5nls WAS 
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called the pglarl£atlt2» iaterferoM&sr.   Tte light MI set astsDy dis- 

persed in ordinary spacs, but the 1 nyd P light was pt&arisad at i-ight 

tanglee ts each otter.   In this seetiea tte lunlnoelty of this eysfewe is 

ociBpwrgJ w5.th those cw^ytffcc.1 sbo?«« 

Sri* oomfm^lmia i» imcltfflad iu this fa§@r& fss" csgaOeteneiW, 

and also bacaaiee of tte interesting ptvpsi^lss of tte polarisation inter- 
is 

feroneter.   Tte interested reader nay have to rsfs? to toe detailed die- 

oration of tte last technical report for tte fief lattice of all tte tento- 

ology. 

Xf peiaroids are usea for a** turee polsrlsere tiaeir tranaatiaeios 

'• will be about .50(.70r * 17?.   50£ is loot in tte initial polarisation 

I* of tte light.   In order to get a high percentage polarisation, fairly denee 

poiaroitU suet be uae&, eo ttet tte tressaleslon for tte parallel ggajonant 

will probably sot eseeed ?C?.   Sseee 

i?   - 17* 

Otbsr aoureea of ioaa in transMaalon will be reflection loaeec* 

glass »«4 erf«tal abeorc>tlcn* Tteee will be eaatll if tta» eyetesi is ia- 

asraed is oil, which will jarobafciy be necessary for teaperatwre oontrol 

gsspvCCj asQpwSsr* 

fte angular field of theses x~cut crystal platea tea beea de~- 

aeribad by Brans   .   for tte eiapl* platea without tte field wldenlag 
f 
f technique tte phase retardation aa a function of tte angle of tranealssioo 

| threagh tte eryatal ia given by 
{ - - » .---  . 

• 1%.   John W. Brans, J. Qpt. 8oc. An. 22, fgo (19*9). 

»;«*Si^»*P^'»~W*!^»«^ I.rfWi'ft'.**-';:1' 
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'" *o / 3' * la   *        C«fe a » o, s», ISO, ff?o) 

titast* 9, © •*• tl» poly c$«xrdin«t«s «* tfca a&el* ot iaevamzm, n /> a# tb* 

cr&inaary «o£ axiraardiaary refractive istdiaes ?if tSw BBlaalel crystal. 

For tbe Lyci-Bvaaa tjp« field *ldaB*ai *ysi»t (two plsfe#» of balf tbie£~ 

sasss sesarated by a belf wave plate) 

,2 r-*f"<ft-0 
Beaee tbe adnisMi itpggy'saant by the field aidmlng (i.e.# ratio of 

angle* of laeldeBCs taring seas A*) is 
' -      \l/2 

8 far Aw* 

%l for caleitc 

18.2 Stte <pa?ts 

She above rcxrsalfe* &ire the dsvlatlaB 1A retardatlja. fcsr tan raj 

devietisg fros t*» aorw?. by 9 degrees*   If vo ecaiiiissr a eireaJsr esas 

of rays having a maximum eagl* of incideact ex1 9s, the average dttviatisn 

In ratardatioe is eeeawtted as follows: 
6J 

(A*)-, - (k/ne'S)   I    r2 fcir dr » | ke«2 

o 

k » J^ j  i   -i 1 {oerreete* plates) 
too  V Bo    V 

In otter words, tbe average L$ is ace»balf the MBXISBM Li for a circular 

-**<»»^--***;«».«.. -..a*i.u»-^i^*-'«r:fj(*•>•-•-;•. 



'irirfcwii  — 

f 

**•• 

>. 

m    63    •' 

a0"flf^   The «cOi« imcia o^ of tbic ^e le 

p 

1MK« iifw the cone of divergent, rers,  ? varies front Its aean value to 

»f   *  »<£.*)-    SM Mild SUgl* 5«radtt^d#  end btttf* the Olfifct gstberlns 

power depends on the permitted variation Is A? r- 4B. 

**"   "e-^o *o 

^ »-   n~ 
-JS_•__ »        567 f«o* ^3P 
s       o 

300 for celelte 

3,150 for g»*ert« 

fcisee the resolution R vlU he \/^t the general result for the lunlaositgr 

vlllhe 

33 for JUT 

10 for celelte 

173 for quarts 

She luminosity of the polarisation iHteorferoaeta-' is thus 

than that of the Fefery-rerot, vhieh is la tun awe luadncxw than the grating 

e  o » 
j 

Vith 'X   - G.I? the ratio of tor. it___Laos£tiee ef po.'_erisetion and IStory- 
9 1 

Perot l»terferoneter« is sgproai-eateiy 

5   l". -"oj ; 
f v. •    ° J \ 

to#»jttM-«-• 
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i 
or pries* It Una pointed out ia tbe detailed di»cuj?*ian «* cat loot 

4:"' 

technical report that the disadvantage of the polarisation asthod vae 

that for high accuracy it %» restricted to two perfsatiy noaocfrroaatie 

line*,   ni higher losttaoeity any serve to meue this inftnwnt for 

practical use ehare luBlnoeity is a heavy requireaast, vhere the linos 

#are Qaito asm*; and ^feere the highest accuracy sad contrast are act 

10,    SOCRfB ASD S/WFMB9 MKPBDDS FOR IK9BX1M JUALYSXS 

la order to use the spectroehanioal aaelyaie netbod en hydrogen- 

5 

><t»<rfial    n. f • • •••« ii   || *.t^i    •=—-=•*-    •-.—   •«.-»     <•»    AV.    *->.—.i     »^»     »ii!—    V. 

or water.   Either the gas or the enter -vapor nay he excited la en eleetrode- 

jf lass digahaggsa   The ei^e'cxoSsless discharge la <• glass tuU. Is ^aSw-««M 

beesasa of the poe»£Lili.ty of eesstesiaatien of Beta! electrodes.   Sonsld- 

erahle tiae night otherwise he lost In cleaning out the dJ.aeharge ty&e 

between see&lea. 

Since «siy a fe* an of vapor or gee ia a aaall discharge vessel 

ia required, *»ly a siisute aacust of eenpla ie required.   This ie one of 

t^e «Sy«ata«ea of jpec'bjrocbenifcal Baihuds ov«r othsr aethodg of ag«ijei3. 

r>^i)>*Ltnv»i   *v*i   uMKUf^  UM»    "jy°  ***   »ifci%»i»  ia«o   ii»»mi   «MU- 

atrueted la our laber*bori«s.    The fiael choice prehebly depeada aoet 

%vroag) / OB the actual form ia which the aaaple for asalyais ia directly 

available*   For the Medical tracer application* the aenple lit usually 

liquid water*   Cas or teo drops auffloe for the detersAaatiou.   She ap- 

paratus for the water vapor discharge is saae~<<hst cimier tfesa that for 

the gnesgaa discharge, but this is only IP provision for dilution of 

pins for oalihrntioAj or otbtrvise. is required. 

u 
•J^4.•*iBt3*•*i*^V*»«a~•• •• "i 
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| 
The sgipErstue for ndiiag and discharging hyteogm ssd 4s35:ssiss 

f i 

ga»aa has boon iascrlbed la dst*il by Breids en& »y«r of the fsticnal 

Bureau of Standards (J. Opt. See? <te« ^ 37 (X2&)3 eto aade am aattanalva 
i 

ibTeistlga&ion of the intensity ratio with pressure and with essiter la- 

tensity.   Our apparatus aaa aonevhnt slallar to their daslja, except, that 

only case pallsdlun tuba vas ayallsMa.   The photograph of our apparatus 

la steam la Figure S£. 
i j 

She convenience of the vafca?.* v^pcr sstbod induced we to do nost ] 

of the testing of the Interfsroseter isita tbi* soisce*   The apparatus la 

ahoan in figure 83?   A 125 watt •deroswfs xagnetron generator it 10 sa j 

vsve Isagih vaa 'deed far the excitation of *ba discharge. J 
i ' I 

* la,  vmmaam OF CSSRHAST I 

If SES attesfta to naasure sievieriws doen to the law coneen- 

* U-«iion available In ordisi«a7 iviirc^;, m rstaar extxeae eosrferaet of 6000 
& l 
, to ess la reojs*red.   By careful optlrfaaMce of the crdirary t^ehai^s* 

I of Fabry-?erct lafcerferonetry it has been juat barely possible to achieve 

this etmtraut.   Six**, this prohlaai asy occur In ergs greater severity i& I 

siadlar isotope neaeuriag problems, as5 other •Avli==£i.=~-J. it in i^sSal 
I to inquire ahathar tfesrs arc srrailahle any teehnlguse tshiefe v/ill push the 

contrast to even Mgher lisLts.   Only tao such aaithoda have ao fax bean 
I • 
i uoaartfced, and these were safiy&staA to the mSbss by Prefreaeor Jacgninat. 
I 
I 1.   iSelf"Absorption.   Xf light, after being isdtted, paaaas tuwsigfc 
I 
I a long path of the sea* gas, It nay be ahaorbad.   la the ease of the atopon-i 
I 

and weak llw>, ehere high contrast la needed, the self-absorption aill be 

•ash grease? for the strong Una.   Jhereflere aftar traversing the path, 

i 







•p 

V 

- f* - 

laird Associates? Inc. 

tSws *»o lines will be sere nearly equal In iat«&sity> and there -wlXl. fee 

•a apparent decrease In the ratio of the light i«teusltlei?>   The situation 

la I-als&a ie r*»flared nor© difficult because fchs final state la not the 

ground state, therefore the line is not considered tc. be one susceptible 

to a higu timgram of self absorption.   That is, before the absorbing path 

can absorb* there suet be present a high concentration of bydrogen ate— 

in the first exalted state.   This Beans that a vessel of hydrogen gas 

ftlone will not serve as the absorber, but that the absorbing gas will 

Have to be electrically excited as veil as the source.   Jacqulnot has 

C3sstruct-£d Iccg ^.sshsr^ tfSwa with sqltinl* reflections la which the 

ratio of D-sipba light tc I-alpba was considerably increased.   The aoount 

of self ^absorption, of course, will have to be accurately controlled if 

one is to be able to arrive at a measure of the •concentration ratio froa 

the intensity ratio.   One of the beauties of the BpectrochesrteaJ Bathed 

of S-S analysis sas ti»t the intensity ratio was alsost ssactly tha sase 

as the concentration ratio, so that- extensive calibration was not req^irsd. 

8.   Isterferosete^e in Series.    If the required cociwnast casnot 

be obtained with a single Interferonetwf, the use of t«> lnterferoaeteTe 

in series should give on overall contrast equal to the preset o5 those 

obtained with the single instruesntw.   Tb* difficulty here is in aain- 

talnlng the tuning of the two instruaents so that they am nlBultecaously 

on the peaks of the fringes.   The etalon spacing of course has to be Main- 

tained to a fraction of a wavelength of light.   The sdr pressure tuning 

Method wss very useful in the single iaterfercswter case.   Probably in 

order to use two fcaterferonstare, they should be installed In separate 

vacuun tanks with Independent eontrol. 
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J&plieation of ihi«. dvual* aaBochrcagfcog principle is not of 

course Halted to two identic*! instrument3 la series.   A Febry-yerct could 

be used In cerlos with s prlsa, grating or other aspersing Instyunsat of 

cufficieist resolution*   Oca of the best suggestions along this line appears 

to be s fore-dJspersl&g ly'iewwit ci>aslsting of a solid ale3««paeed fehry- 

Perot piste, peraanam;ly tuned to the IMmvelength.,   After passing through 

this device, the intensity ratio pre««abed to th* Pabry-^erot vould be 

aueh reiueed, and such high contrast «suld not be .rsquired*   fym-i;r. is a 

possibility for this ©olid spacer fore~dli$>ersfflr.   About; 0.01? inches 

thickness is reejolrad [tsSit spaasT ttiii^e»a divided by the iatop to s*sa*-«* 

ate I end S by exactly l/s order*   The advantage of quarts is its insen- 

•ltivity to temperature, hunidity or cheeeical attach.   However, lithiua 

or ealciiss fluoride is probably SOS's desirable because of lover index, 

basee gsreeter thickness, and because they are available in large synthetic 

pure crystela at In: cost, end are isotroplc media.   The esirssely thin 

plates retired raise problems in standard finishing and polishing aethods. 

Mica would be easier to prepay, but eight suffer fron considerable absorp- 

tion in such thicknesses* 

Another possibility t~ the fore-dispersing eleasnt is one 

section of the polar!satiaa interference filter described in the rrocedins 

reportc   This could be of SSSt, ealclte or Quarts. 

If an adequate* fore"dispersing element of the type suggested 

above can be twnufacturad singly and cheaply^ fa iseediete siggcctlea is 

to dispense with the air spaced pressure tuned interferometer and use two 

such devices in series.   The reference bees for the measure—1 could be 
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taken froa ti» uodisperaed source, vita a stiajsia narrow band Multilayer 

interference filter ueed to select the H and 9 light.   After cal&a%ticu 

vrLth laacwa ssaa>les, a direst reading aetbod vsroSiS «« Tiygwidgd vi*,hout 

ssssssity fsr scanning, gsr for aojustsKsat off parallallaH of the pintea. 

Tbm >tey*iopsent of an adequate teeh&ique for anaufacturins 

•olid spacer Interfax caw tera to the respired tolerances la *ica,, fsxsrts 

or the flusridss suggests am important proposal for future eayerlaeatal 

work In this field of high resolution interference spectroseopy. 

12.    rKWCs^LS FOR fETORS WOBZ 

SKI .Tepeer:. on ii^s 2iiifw<age&<>*j^atwiiaa OBJC^JBK jst5«i«s ary wa 

of the Fsbry-Perot iaterffexisas**r has doaonatrated that this IsetanaansA 

* haa the possibility «f the highest XvmU*cmicy, resolutisa ssd ccrtsagt 

for the •pactrmi analytical deteraination of isotopes.   The hydrogi   • 

dsuteriias icjrtore shift Is of course one of the largest*   £t la proposed 

theft future work b* alaad directly at eefpsrxtlag other iastopea of saach 

narrower ic<otope shifts, aotsbly uraaiua, because of its ia^sort-faaee. 

V'ith the heavier eieoeota, although the isotope shift Is esmLl*?; 

the Scppler broadening vould be la**4   
<¥herefcee one of the asjor Halting 

factors will be the flatness of the intarferaaeter plates.   Considerably 

 ft- M —    *..»    «- —     A L-JLt.     —    *!%_    ^   r   • «--- f  T *    <»<»    nmn »i. mim m    M»4     jm«»fts:fc* •an  wuura. aWBua   WM   >^»  viuua   (ASM* UU   UJH   wuwuu^wa  <M   ^W^MMI^  *..«—«#   ^~~«. »~ 

plates and on the technique® for testing the*.   £he teat&ng is necessary 

to the preparation* since the precise optical worfcer can ate fine cor* 

reetloos If he Is given very precise infons&te s* to where the defects 

lie.   Xalrd Associates is fortuo»*» in being able to obtain the services 

of Mr. Wagn Bargbol for this wort:.   The proKOeas have already been discussed; 
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Kr« iargbol !• anxious to ae^aita th» best e3?parat«; sad tgffaaiffsg? 

for achieving tba ultiaate «a such plate?* 

further vcrk ses&t to be dens as the 1 HHIHUIMIIIT of the tech- 

nlmsA* of laying 4GM* Multtlmy-r*.    fills i3VOiV9S purifying the Aieltfrtrics 

evvpor&tedj extensive gudgetry tor rotating $l*fces la the evaporator to 

iaeure unlforsity, solution of the ssact theoretical eqjasti9R« f5i* the 

variation o* transsission with thickaeM of deposited layer so that, the 

options monitoring system Buy he JLsnrlsed; =te» 

Another aajor problem req^iriaff est^aaivs research wer* is tea 

problea of sources far the heavier elssssts, such as uranium.   The vapor 

pressure is law, and it is difficult to excite them, eves is arcs or 

sparks,   la addltioBj such arcs sad sparks are notoriously sources of ex* 

trsaa fluctuations ia light intensity eonpaz'ed to gaseous discharges» 

fence we say expect tha problea of noise to be intensified with these 

An additional coasCJ-tcstSoa say be istroduaed because cf the 

pleslty of uranium ayseira.   For S-S, a 53 angstrom vitts anltllayer iater 

fsrs&ee filter is suite adequate as sa I sfltasiag f£lt%r~   For anniusu 

it aay be necessary to do research on the darrelcpmeBt of area aarrotf 

isolating filters. 

Hi 
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THE JMEwKISATICS C? 55AYT W£BR 17 XHFRARKD ABSCHPSI'JB W8S1SI$P» 

By W. A. Patterson 

8HMA8r 

Using 0.5 OK Calolun Fluoride cell*, the diJ'^sresti.sl •ethcd of 

Infrared analyeie; a reversed cell technique and vide fixed elite, BKS- 

t«rivK Orlde as an s&ditivs ic is»ter ess be readily detect-* Is percentages 

«a low aa 0.01$ with a probable precision of + 0.001$. Hade? present 

conditions c& ultiaate sensitivity o? 0-(<*4 Deuterium Oxide eaeag psnowhl*- 

The dfct'srnia&ticn of ultimate sensitivity has 'been restricted by bad 

ecattared light conditions vbea spectrophetoastric slits are vliattsd. If 

this scattered light probles could be eoivea, than «a oltiaate sensitivity 

of 0.001$ Deuterium Qxiss does not ssea out of the say. 

Introduction 

Seneitiv- astfcods for the detezaination of heavy taster (Devteriue 

Oxide) in the presence of ordinary water have bsee based either on the 

aass speetroaster or soae light dispersing ioatrusant such aa an ealsaim 

J9 iipectrograph or aonochroBator using elactrodeless gas dischargee. 

describes a aees epeotrcoetric aethed for P_© in 5,VG which appears to be 

accurate to + 0.«t In the ranoe 0.2$ to 1$. end * Q»% in the range li to 

10*, vm* awthed Xm based on the detezaination of the relative concentre- 

tlons of saw 19 froaa DOI and aass 18 froa IgO. xhoaas indicates that the 

* 0.2$ llKf t of accuracy sight be due to adsorption of heavy water ctt the 

vaeuua systea vails. This had been realised by orchAs, Sender and Frieda! 

1?. 3. M> Shanes, Analo Chea. fit, 1*78 (1950). 
16. 0. Orchin, I. Vender and R. A. medal. Anal. tha. a, 1072 (19*9). 
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TOE), in order to get increased accuracy, conv«*t«d solutions of B.O and 

IjO to Methyl Deuterid* (OLD) and Methane {SK^} t-sfor* using t£* sase 

SPectrgsMtor.,   This aetfeod gave values for b**vy water to within 0,1% ia 

the range l.fc to 15$, hut ryer£i»cti*Mr the errors Inharwst is the seoec7«r~ 

sic«% the Teproduc Utility of the aess spectroaster r*I-*»g ca the JSetcsri 

Peureferiae %w A- M«'V t r«wM«- w  t ue««ar (tiwi wilt 

The Orchin et el aathod ia interesting la that it was allied 

to •fcrttg— of hydroear'boas of relatively high nolacula? weight, aoas 

cQBpe~aads of which had Pout«?iuB staes substituted for ^drsgea ataae. 

'These hydrocarbons v«ere aceuroieiy ecssverbad to ws&sr sad Swuisriun oslos 
17 by a asthod developed by E»stm, Mtteahsrg and Schoenhelaer   .   This 

flt technique baa Important supplication* and —ana that a good asthod for 

detersiniag Dft0 la UJ> could hare vide spread application*; 

The papers of Irolda   '       appear tc he the asset authoritative 

using eadsaion techniques.   In the first pamper""", susssus sisstrwe of 

3ydro/pa and Dsutorlia free 85^ to X0Qf> RauteriuB more analysed to wsthia 
19 0.1$ of the aajor ^onponent.    In the second paper   , iath the seas iastru- 

aafctatlcia, and applying isotope iil-ation techniques the total water con- 

tent of aaterlala sneh as "hydrates" was detfsxaiaed to within % of the 

amc&grk m>aa«ti-k.    T*ti" nmar i 11 uwk'ratfeoa ••. !«*«*. ma n*H»y *JX?S Of *sw>\i- 

satiea for astisMS* deteaainlag DgO in 1^,0. Accordiag to the authors* tha 

technique is 5e.Tfec.tl3' general,, tad applications ware planned for the study 

of water binding and transport In biological aysteas. 

wwe*«-_"fBM»»«t<ma»i»«i*ie»«»a>«»aa*»esa*«afta*waae*aasi>*a««e»M 

17- A.8* Ssstoa, D. Mttenberg* and R.J. Qehoenhelacr, J. Ho. Chan, lie, 

28. I. p. Irolda and. J. V. Moyer, J. Opt. 8oe. As,, te, 5? (1938). 
ly. I. J. Morevits and I. P. Broida, Anal. Cham. £*, 1497 U95i) 
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»wth the saas epectronetrlc sad th* ***i««iois wgtht&a 4*ad iass» 

selves to the «*5 of very mall ssf^lisg, for smaple cut little as 5 nil- 

ligvasse   This doss not asaa, bowrer, ibat these laatrwssut* we tat 

sect sensitive for the detraction of lowest concentretlcae ox DmAaoH.w% 

OxlAo ia ^ater.   On the aass spectrometer or toe oaission spectrogrcsfe, 

for highest sensitivity, it is advisable when handling very «an21 ssaplss 

of »tw for analysis, to reduce the a$aeous mierial to the Ssuterlu* 
so m sad lydrogea gases.   &ibbs     sad •hiaerti sod Sans     iw?» described Methods 

for this purpose* using hot 2ine so the reducing agent.   These paper* 

souM asriiaiteiy ?*ve a bearing on the applications of say eoisslee type 

InstrMSsnt we night deveiop> 

The BASS spectronetric methods have dissdvsatages in that the 

instruaestatloa is expensive end for the oost sens!tive results the sanpls 

seeds gnitsbXa preparatory procedures rue;* as reduction to the alsnentsj. 

giaes eg -(jt— aov*i-*ixas to Methyl peuteride and Methane*   SpectrographJe 

type instrusaats sis cheaper hut high seasitivity ca Saw exsceatratioas 

of Itaoterivss CsASs in vzter JMM« not been proven as yet .   Ears again coa- 

vereiaa to ths ejtwapatsl st*1** saga desirable.    Spectrcgrsphi'- squlpsant 

Is also net widely distributed snaag thoa* chasistr. sho are nest likely 

te retire Ssuterius OslS* «s»lysis« 

Mere sensitive aatho&s seen desirable, asthods *&ica could 

either be applied to jaetrunents nor* widely distributed —osg -is^naiu 

CO.   e. A. fiubbs. Anal. Chaw. 23, 088 (19W). 
tit   7. P. •hinard and T. tans, Anal. Chssu |J, 1U5 (1995). 

t   Accordiog to further inforoatlon received fraa Dr. J. L. 
this be* be«i. done by Bxoldm and conpaay at the national 
ttswSarda, but is unpublished to date. 
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cheslstt, «u4 tolocksalatj, or the principles of which night Jumd themselves 

to tbs develsssKnt of aiapler and leas eeetJy Inetr-ocswit*.   Zagrevod «Sda« 

gioa *e*£<od* have bean uodar consideration In this laboratory, and research 

undertaken.   There rea&ins a further possibility, sad that ie infrared 

absorption which heretofore has not boon given serious consideration,, eitlser 

by us or by other*. 

In 1950 Thornton and Condon     described an infrared method cf 

lev sensitivity for the range 0 to 100$ Deuterium Oxide in sster.   m ac» 

curacy of % ems clalned^ bub it was expected that this esuld be Isproved 

I^Q»*   S«« aethcni s*a* baaed c*a the «hift of tbs 2*3 sacrsn water band to 

3.8 micron, in Deuteriue Oxide,   r«r_*er a. Walker83 mad* a aor* thorough 

I investigation of the Thornton and Condon aethod and discovered that the 

intensity of the 3»€ microns bend for Deuterium Oxide was very sensitive 

to tespsratare changes.   Th^y developed a theraostet*sd cell with whish it 

was possible ts acalyse for Jteuteriue Oxide, with an accuracy of j 0,1} 

on 0 Deuterium.   The Treener paper is slightly vague in that the authors 

«p4&k eonste&tly is terns cf Deuterium, t&uugh the amlysis is base4 en 

heavy water,   for heavy water, the above valuss of Deuterium should be mul- 

tlpJlad toy nine.   This wort: was done on a single beam Instrument and the 

analytical range considered was 0 to 3ft Deutsri'JS (o ** hxA 2su&es>ius GjdLc-sK 

Sni methods esre not sensitive and the full potential sensitivity of the 

infrared technique aueh as night, be obtained free a double beam instrument 

and differential methods had not been studied.   These seated worth investigating.. 

88. V. Thornton and X. I;. Condon, Anal. Chen. 88, C90 (1990). 
89. I. S* frenner sod 1. W. Walker, Instrumtatlfrws, \, So. 1, 1 {1£5£). 
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uB.j#tftt 

fb* object of tajj ls?3Stig&tloa v*» to eppl^ the mast eaateitivs 

techniques of iafm>5d spectre seopy to roach some conclusion on what ere 

the isuav limits of a^tactles of Sroterids Oxide Is tie prsvssoe oT tester. 

la this initial «3St,  p* iCi«iO£. a^d rtSarcdueibilit^ 3»8 5«t esa*ider*4e 

These would necessarily be the iubjsct of another asd more extensive in- 

vestigation. 

Is   Sss Use «f 0*1 es Sails 

ft» BDttt  Suitable tlliuiC3SR«  ©f fiU £»fTSr3d tuMKJTWlOO  S&U. SOT 

wt*r is something less then 0.01 BD depending set the probl«6»c   Srssosr 

w*s able to use a thickness of 0-C£ ss fox- the awaeuromant of Deu&sriue 

Cteide.   Any thicknesses greater thaa th©ss wauid give spectra showing Ttry 

high absorptions in K>3t regions from S to 16 microns.   Figure I shoes 

the spectra of water and heavy water in 0.1 as €al»lutt fluoride ©©Us vitl? 

e falciise Fluoride prisa.   the use of Calcl'UB Flue rids cells is necessary 

bfjesuse of tr*» spuiyhillii/ of roefc s&lt la water.   However the use of the 

Selei'jaa Fluoride prism in this particular iust-saca had no significance. 

BviiSylfig thts spectra, it is evident that the strongest absorption bends 

A«2-'     IKitftt*     tKU%*    ^i^^^«^M    wT»&^=     ^*i ^    =*—     «^rtl*    ^f.V    <M.«»    "V.W    •»*.«». >!•« 

micron S&uteriuai Oalde bend appears at a gap In the ebsor$*,lon of tb» 

water spectrum sal would he suitable as an analytical band whleh is IK. 

agreement *lth the choice of other workers en *hi* analysis.   She 2.9 Meree 

basA la the heavy water spectrum is evideartly doe to something l*«a than 

Q.% water em the Bacterium Oxide was only go£*e«tee4 to be at least 9*»% 
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On llgure IV are shown tbe six standards run egulaaf. distilled 

water Is the reference beea* using awvehsd 0.5' sa ceil*.   fbiH Hpestrsi 

Witt* aede using ftos?4 slits, the width of vfctrfc iaai b«m adjusted to give 

a o.S. voltags of g.O volts at the aechsalcal rvstifier, at a wavelength 

setting of 3*7 aa.craas, end with en 0.2 art call containing wr/ser in tit* 

aaiigle boas aad an ©jsaque 1% the rafm^anee beam*   Pains of voltage sad 

Jinowc aapllfl^r wars ns usual*   Shis was also tiw pcecsdiKe ia ed^uetiag 

the alit. widths ia subsequent wozfe, although im actual voltage figure 

will wjry. 

U-<dag as tbe base Ufa the curve for a water against water, the 

abac rt>enca values of tbaae absorstiea binds were calculated.,   lbs results 

axe plotted on Grap-a X*   Observe tbe nice straight lias relnftioasMg and 

tbe high degree of correlation between tbe d:tffarent results; even whso 

the 0.01 to 0.1$ D2o in 1^0 range «*** eapacdtid sa shorn Is the ri&sZ Sssaft 

curve* 

3.   T*» Use of Or.."5 SB eelia 

Since 0.? am cells instead of 0.2 as cells should in theory 

jplvai increased ee&sltlvity, thia was the logical next step.   She apeccra 

(if eater in sa 0*9 av. cell showed 2°4> absorption in the 3.3 to k»0 sicron 

region.   This did not look very hopeful.   frocewding however t*> ipsi up 

the elite to 0«5 volts ee per our previous awastic^sd ad-iustap?* procedure, 

attempts were seua to rue vat**? agafoust nefcer in the 0.5 aa calls.   She 

very wide slits., however,, introduced a ccajplleation in that such scattered 

light eas introduced,   liixis caused considerable trouble.   For asauple, 

beteaea 3«C HSJBL 3 A aterone where th*sre should be conplets aboerptiou ia 

1 -4 Hi 
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both hmm$ there s=g a strong dom seals drift, i*dd otsull be gang—a 

as tbs slit* ware narrowed, Indicating definitely that there *nw .as un- 

balance son ta> «5st*«r»a. lipis whe& the elite were frit fter the 0.? volt 

reading*   Shu InstruBaat a»4 a ooraau. u» scaX. drift.   &• dean *<J*1* 

<toift wee as stroag tfcet It. plawBA teame with «ii *t» tsurve* mA. mmm 

«M reproducible.   It was sot oven possible to get a r*.gro6aclble mtbtt 

vsi «st«r hasollns or reference to detensin* vhetber tba **» ««ii* «sr? 

Watched, ihoagii of cwians* i*U» could Tie checked alto otxwar solvents.    It 

should be noted ti«st *Me dswa smla drift only occurred «ha» «*«• «s« 

cosplete sPbeorption.   Mbcre absorption was net collate to* j?en then «»& 

m seals, trying to go bacfc to its psroper balance position,   fhls ssant 

that there ana little chance for recording at rniwteagtbm parlor to the 

act tal absorption band, nut had to record iaaedtefealy into toe bead or 

wh«re there was energy, which 1P this case (mounted to the saw thing* 

Considerable tine «as epwat In studying this scattered light 

pro&UB, full details of which acre given In notebook Zfctja.   A deeorip- 

tloa of the teats carried out would caly seqplicate this reportf and be- 

•ifes it Is an InatnsMtttal problem rather than an analytical oat.   though 

it is the Jwy to petting the highest sensitivity.   All *h*t need be said 

at tbi«? U« is that soae partial sueessi asut obtained even with silt 

settings of O.J volts at 3.7 aiersas.   ISaeh was isfcili 1» be desired how- 

ever,, *s£ it is guite rrobabla that the sensitivity attained la this 

weak could be at least doubled If a c**$leteljr setiafaurtory IIHSWSI to 

the scattered light prtULaa were to be found. 
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Tigur? V ifccvs iae first sutweaitftil eorvs« r» ^i£tes<SKUXij, 

wltn SatfUKiua QsHAi stai>*Mf&» In fcbe 0.? m c«lliu   She sbsorfea&ee r«nlv*ir 

«ss «hn*m i» graph 3 are caly efccji $0$ U^tr than thcae obtained ualng 

C.8 m cells*   This lac?a&£* la afcftcsbanee •heuid have *©•» ebwiv 9 l/ft 

tsssse   5M I**? valuBB ca« Bs attribute* alswt stjiirsiy tc the slagsstah* 

net* of the pen due to the lotr aaexgy l*v*ls«   It should be realised that 

the 0.5 *olt settisg V&M at 3.7 nicrons *Mch seast that «t about 3«9 to 

*.Q sissies the mount ?t ttasrsy ^cu&S *« an the ordor of 0.1 TOlt e? !«*» 

in both IftNBs. 

fc.   Ceing Amm« 0*5 as feiis 
Oil. 

Bobinsca     —; £L»s» tiss :f=neetd saasiUvlty cas> b* obtained 

fcy first running sss$lsa 4iff«raBtl.iily is the noraai ray **£<* than rs» 

cordlag again above the first spectrum out sith the saaples reversed in 

t-«ss twe ^ssts*   *w*^« givM tvo curtes Mhieh are sisrar laafias of each 

other« ths distance betssen the two peats being so aapliftafl abaerhasea 

¥*!»• Siw the ©eee^stsstioa 12 yjestio*.   SO do tMi pro»sr2y only the 

irs^'tit are reversed, ssd, wrt the calls, and the test thee agspaaaatoa 

for ihiokoase disorepait&i** WU*-*£s the two cell«-    2a tfcs present work 

this rgfinssaat of techsirjue wes aot deeaed naosssary sad both sells and 

soxutionii were remereea. 

The successful eppliestlee of the itorreid Gall teehnlgua in 

thie pe>?fcJ.cuI*r *a*fclss »c=ly) rstg&rad e reliable i£v> ii** as **ertiag 

pelzs fosr recording berth tha upward and «v*tBMea?d eurvas.   Sis does net 

a true 1C0$ liae, but slaqply a starting point at wbieh tha pan oouXA 

V fit*   S, S. H^iaaws, issal. Sim*. A, 519 (19?£)< 
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1M Mb aad tha #eeitioa of which wuld so* charts** 4*t.-3a£ 4S» leeordinf «U1 

iS* «e«s»*fis *«4«r«4 tte Bg0 atoorotief} >awl ?»•&!«« gf ik* §s#tei»t«u   Ttea 

iiiiit ao flea* seals drift fres eeattsrad ±&&tt*   It «3*e —ad s lov ads* 

lewaJU   To aftsc&a tbo l«*"&ar tS» T©lt«ss aapllfiar *MS wrltahad to tbi §x 

S^sitica sad to o£t«2a a rss?0Bst7« ssn litbwt aanttarad Habb i«*aa*sr- 

sacs the slits www gradually ofanad s&£ oxrvas rsocarated, notiag tfta 

itaUU't; ef tba Htartiag point,   9ba &9?las &t eurraa oatataaA, vadag 

ia* *?;099fc Sautariisi Csi«s staaSard, as tin slits aara alaaaal art sham 

Is. ?*«=£« Yi.   io attssfrt oas amda to raoord tits P.t. veltsss ss tkscs 

slit sj»»3n«s.   tsia# -Li• slit <mm£gs 4»»igH*s#d to t£a isvwt OUSTS sa 

FS«OPS ¥1, four standards Tiara gsccirdad eloag vttfe satar a**** taa ifsww 

£ call taeaaifos oidag 0*9 am ee&ls.   B» basalts ara sbosn la Ticora VHe 

tfea flat atari sa ©S" tbsas curves is dua to lack of suffieSaat *Bf&& tee- 

taasa tbs toe ^b*t»s s?*»E%*ag tha sar^& atsasa£am«   rigtaro TXXX alto?* the 

eoir>ni efertalaad froa tha sets* staadard aalag &.«. bias la stdoa **a sarfsja 

tates tlsalr nef**l stare. 

5<-   SSsaaasiOB 

On Oraph f ara nlottad the wbacrb«sea value* rftar tte taraa sfean- 

ds?r£W O.COe, 0.053 aad 0«(&9£ p 0 la k^O imiab aars cfetaissd tbscis% tba 

99SSS9 £f this i^sstisstisa as tesrssaSasly ssssitiTs sstiseie vsr* ^£lie£« 

flies* ssrtsostesjoa values «ra froa figoras^y, V aad ?XH»   Is aseatloead 

pwrrioosiy ths aapaetad iaeraasa of t l/'t tasss tfca sfegsrftsaoa *alaaa oa 

geiag froa C.S to 0.9 sa tbiok esUs &id set oeear«   ks also ssatlisasA yva- 

•ions!/ t&is is vovy i^ra^ably tea to tha Zoer anargy lavsds iavatwad «ai.-^ 

^ uaa to as kapt lev as vida slit opaa&ag* iatrodaoad aoattarad Ugkt sroaians. 

Iff. 
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Baled AM©3i£t*«, Xne> 

Os paadag tc ctarre 3 CD Owya £, fci*t fay tb» rav«rao& ssii tootaalqpB, 

ila» roaalto *cs «H(al«taly la lias, 9*fag elsesfe t«l&» toss* wbtaisasft far 

tfca atcadard EMfcbod caiag 0«5 as eaUa (evarrs S).   lot* tost enM $ ds«3 

ant go to 9070 Vat to 0,018 obaesfcasee walaa «&icfc it tat tbwnfesoao **f- 

fOrsaaw tmtmotL. i&s tw e*Ue ftiXei witfc wstor at ladloatod Is fsgase TTJI, 

£f sslstioat Sfefi. b»«£ rorsgwod bat not tiaw soili* tMt casro 3 of Qngfe t 

should bwt gssae to sent, as tritb euavsa 1 sad 2.   4 gloaot at tin ab«> 

e-Nbtast bacdt of ?ipffo fXS sad ** assr?* 5* CJwpa t aakot it tmM3& 

*HgmFm& $t£& 0«0i» B%U&©i«£«« (StidO &&dtd to CUr4Lii*ry WBvSST U Vfttdlly 

»ss3ts»^3a«   Xt Is alto fi^pcurwt that ccaeestxwfciKS* at lew as 0*0C^3* 

aocUsim Gedda eould bo datoctod without tse aoSa difficulty,   ffee oss> 

s«2atls* be&gsoa tJ» point» on eunro 3* utaigk i! f^dioatti t!Mt th* pfft 

fiets^rimi COdda la too w^i 0*CL to 0SQ*S oould svooaftiy b* datarsdaaa 

inta «s oec«r*sy ef * O.OCOL^ if a pr»el«wlT ocn5ixli«d «•*>«& «ag« £»- 

vasssjod* 

gaaaJBaiiotta 

VMla final fiODOlMsicvis nheuld sot bo £x«sa fre* & sisgla «ar±os 

of oajorlaaatag than* aof• littl* 4?s»&t that **# iafgaerea gbsasjritsR sst*oS. 

n» saliy eager!!?* of astoctiss «ad ssa,'*«r£»g v«d^ fisstfca^iiss Saads ia aster. 

^n ya**fhl» ftggrm of ^-eeision i« rase SSSSISEBS aeul4 be «&aafe * 9oGQi.1l 

op btttat** 

Waxfc no for hot indicated that pareaotagaa of thaUsixm Q&JSm as 

im at 0*003f e» vltMa tl» aaaaltiTlty Halt of taio ateaod.   *a» vOMm** 

mmalt$ri,tj of tha lafzarod aothod isa act boao raaobod Sa this nosi: de» to 

j£ r*rtarietioa« oa tao ^lalto of t&» OKpartoaatal toebal^a ftom ***et«rod U&k 

If tbaat wi roanod a •oasltlvity of O.OOL^ <too» aot fwoa wat of th» m&. 
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